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Hiroyasu Iso, MD; Meir J. Stampfer, MD; JoAnn E. Manson, MD; Kathryn Rexrode, MD;
Charles H. Hennekens, MD; Graham A. Colditz, MBBS; Frank E. Speizer, MD; Walter C. Willett, MD

Background and Purpose—High intakes of calcium, potassium, and magnesium have been hypothesized to reduce risks
of cardiovascular disease, but only a few prospective studies have examined intakes of these cations in relation to risk

of stroke,

Methods—In 1980, 85764 women in the Nurses’ Health Study cohort, aged 34 to 59 years and free of diagnosed
cardiovascular disease and cancer, completed dietary questionnaires from which we calculated intakes of calcium,
potassium, and magnesium. By 1994, after 1.16 million person-years of follow-up, 690 incident strokes (129
subarachnoid hemorrhages, 74 intraparenchymal hemorrhages, 386 ischemic strokes, and 101 strokes of undetermined

type) had been documented.

Results—Intakes of calcium, potassium, and magnesium were each inversely associated with age- and smoking-adjusted
relative risks of ischemic stroke, excluding embolic infarction of nonatherogenic origin (n=347). Adjustment for other
cardiovascular risk factors, including history of hypertension, attenuated these associations, particularly for magnesium
intake. In a multivariate analysis, women in the highest quintile of calcium intake had an adjusted relative risk of
ischemic stroke of 0.69 (95% CI, 0.50 to 0.95; P for trend=0.03) compared with those in the lowest quintile; for
potassium intake the corresponding relative risk was 0.72 (95% CI, 0.51 to 1.01; P for trend=0.10). Further
simultaneous adjustment for calcium and potassium intake suggested an independent association for calcium intake. The
association of risk with calcium intake did not appear to be log linear; the increase in risk was limited to the lowest
quintile of intake, and intakes >=~600 mg/d did not appear to reduce risk of stroke further. The inverse association with
calcium intake was stronger for dairy than for nondairy calcium intake. Intakes of calcium, potassium, and magnesium

were not related to risk of other stroke subtypes.

Conclusions—Low calcium intake, and perhaps low potassium intake, may contribute to increased risk of ischemic stroke
in middle-aged American women. It remains possible that women in the lowest quintile of calcium intake had unknown
characteristics that made them susceptible to ischemic stroke. (Stroke. 1999;30:1772-1779.)
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n observational studies, intakes of calcium,? potassium,?

and magnesium?4> have been inversely associated with
blood pressure or risk of hypertension; clinical trialss-10 have
tended to find that potassium had the strongest hypotensive
effects. High intake of these cations may prevent stroke
because hypertension is a strong risk factor for stroke.!!
Moreover, animal experiments suggest additional mecha-
nisms for these cations in the prevention of stroke.!?-!# Stroke
mortality in rats was reduced after supplementation with
calcium!® and potassium, !¢ but not with magnesium.!® Only a
few prospective studies have addressed the relation between
intake of these cations and risk of stroke, and data in women
are sparse.?%2! An inverse relation between calcium intake
and risk of ischemic stroke was reported from a study of

Japanese-American men.2® An inverse relation between po-
tassium intake and stroke risk was reported from studies of
American white men and women,2! Japanese-American
men,?* and US health professional men.23 We investigated the
relation between intake of these cations and the incidence of
stroke among US women followed prospectively for 14 years
in the Nurses’ Health Study.

Subjects and Methods
The Nurses’ Health Study began in 1976, when 121 700 female
registered nurses (98% white) living in 11 states completed ques-
tionnaires about lifestyle factors and medical history, including
previous cardiovascular disease, cancer, diabetes, hypertension, and
high serum cholesterol levels.>* Every 2 years, follow-up question-
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naires are sent to these women so that information can be updated
- and newly diagnosed major illnesses identified.

Ascertainment of Diet

In 1980, we collected data on usual dietary intake using a semiguan-
titative food frequency quesnonnmre 2 For each food (61 1tems),
.commonly used unit or portion size was specified, and each woman
was asked how often on average during the previous year she had
consumed that amount. Nine responses were possible, ranging from
“almost never” to “=6 times per day.” The average daily intake of
nutrients was calculated by mult:plymg the frequency of consump-
tion of each item by the nutrient content and totaling the nutrient
intake for all food items. Nutrient intake was adjusted for total
energy intake with the use of the residual approach.2¢ The reproduc-
ibility and validity of this questionnaire have been reported else-
where.2527.28 In a validation study among 200 cohort participants
conducted in 1986, the correlations between cation intake assessed
by the expanded dietary questionnaire used in 1984, 1986, and 1990
and by two l-week diet records were 0.62 for calcium, 0.61 for

potassium, and (.76 for magnesium after within-person variation in

the diet records was taken into account.?®

A total of 98 462 women returned the 1980 dietary questionnaire.
We excluded women who left =10 items blank, whose reported total
food intakes were implausible, or who had a history of cancer

favrant nanmalanama olin Aansae)l aneina mavsaanedial 2ofaoata.
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stroke, or other cardiovascular diseases; 86 368 women remained for
the analyses.

Ascertainment of Stroke

Women who reported a nonfatal stroke on a follow-up questionnaire
were asked for permission to review their medical records. The
18.4% of nonfatal strokes for which confirmatorv information wace

Of ROIREAC SURLCS 200 WALlGAL CORAIINEOY IMIOIMUon was

obtained by telephone or letter, but for which no medical records
were available, were regarded as probable. Fatal strokes were
initially ascertained by reports from relatives or postal authorities
and a search of the National Death Index?® and were then docu-

mented by medical records and death certificates. Mortality

follow-up was >98% complete.*® The 22.3% of fatal strokes that
were confirmed by telephone, letter, or death certificate, but for
which no medical records were available, were regarded as probable.
Medical records were reviewed by physicians blinded as to dietary

and other risk factors.

Strokes were confirmed by medical records according to the
criteria of the National Survey of Stroke which requires a
constellation of neurological deficits of sudden or rapid onset lasting
224 hours or until death; strokes were categorized as subarachnoid
uemarruages. ul‘tﬁpﬁ‘eﬁCuﬁum m‘;ﬁ‘lﬁﬁllﬁgﬁa, ischemic sirokes
(thrombotic or embolic), or strokes of undetermined type. For
embolic infarction, sources of emboli were recorded. Atherogenic
origins of emboli included ulcerating atherosclerotic plaques in the
carotid artery, mural thrombi associated with myocardial infarction,
and embolic sirokes as a consequence of surgery for coronary heart
disease. Other sources of emboli, such as valvular heart disease and
bacterial endocarditis, were regarded as nonatherogenic origin. Atrial
fibrillation also was regarded as largely nonatherogenic origin
because the major predisposition to nonvalvular atrial fibrillation is
congestive heart failure rather than coronary disease.3? Strokes were
regarded as incident if they occurred after the date of return of the
1980 questionnaire but before June I, 1994. Only confirmed and
probable strokes were considered in the analyses for all stroke. For
analyses of ischemic stroke and the other specific stroke types, only
confirmed cases were considered.

Statictical Analvees

Statistical Analys
The analyses were based on the incidence of stroke during 14 years
of follow-up (1980-1994). For each woman, person-months of
follow-up were allocated according to 1980 exposure variables and
were updated according to information on biennial follow-up ques-

uonndu"es unlu ueam or an cnu PO!I]( {SUroKe ) was reacncu or un(u
May 31, 1994. From the 1980 questionnaire, we used information on
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the intake of calcium, potassium, magnesium, and «-3 polyunsatu-
rated fatty acids and on regular exercise. We present results based on
the 1980 die‘.ar;y variables without updating because we were most
interested in the long-term effects of intake of cations on risk of
stroke. Updating of intakes of these nutrients using the 1984, 1986,
and 1990 questionnaires yielded generally similar associations with
risk of stroke. In the updated analyses, for example, the incidence of
stroke during 19801984 was related to nutrient intakes reported on
the 1980 questionnaire, and the incidence during 19841986 was
related to natrient intakes reported on the 1984 guestionnaire.

To examine the relation between use of cation supplements and
risk of stroke, subsequent dietary questionnaires were used because
information on these individual supplements was not available from
the 1980 questionnaire; only multivitamin supplement use was taken
into account to assess calcium intake in 1980, Data on use of calcium
supplements, including dose, were available for 1982, 1984, 1986,
and 1990. Data on magnesium supplement use (no data on dose)
were obtained in 1984, 1986, and 1990. For calcium and magnesium
supplements, the information was updated in the primary analysis.

Use of calcinvm sunnlements chanoed markadlv durine tha fallaw up

S 22 LEOLARR SUppALRiatS LNSNEe NRIRCGY GUNng W8 0u0W-4

(10% in 1982, 26% in 1984, 52% in 1986, and 35% in 1990),
whereas magnesium supplement use did not (4% in 1984 and 1986
and 3% in 1990). Information about potassium supplement use (no
data on dose) was available only in 1986, and therefore this

nlade POsy. SN
information was not updated, Analyses of calcium and magnesium

supplementation using the 1986 data only were also conducted to be
comparable to the analyses of potassium supplements. Height was
ascertained in 1976. Data on usual aspirin use were updated in 1982,
1984, and 1988, and those on alcohol intake were npdated in 1984,
1986, and 1990. All other exposure variables (ie, body mass index;
menopausal status; postmenopausal hormone use; histories of hyper-
tension, diabetes, and high cholesterol levels; and the use of
multivitamins and vitamin E supplements) were updated on each
follow—up questionnaire

The relative risk of siroke was defined as the incidence rate of
stroke among women in various categories for intake of nutrients and
foods divided by the corresponding rate among the women in the
lowest category of intake. We calculated relative risks with 95% Cls,
adjusted for age in 5-year categories and for smoking status in §
categories {never, former, current 1 to 14/d, current 15 to 24/d, and
current =25/d), and tested for linear trend across the dictary
categories using median variables of each dietary category. To adjust
s:multaneously for other cardiovascular risk factors we used pooled
logistic regression over the seven 2-year intervals.?3 In multivariate
models, potassium and magnesium intakes were not entered into
models simultaneously because these 2 variables were highly corre-
lated (r=0. 81\ The correlatione hetwean calcinm and nataccinm

2356 SRNRIANUNS DUIWCUAR LA ARG POGSSIGm

intake (r=0. 55) and between calcium and magnesium intake
(r=0.46) were more moderate.

Results

Among 85 764 women followed for 14 years, we documented
690 incident cases of stroke during 1 164 674 person-years of
follow-up. Stroke cases consisted of 129 subarachnoid hem-
orrhages, 74 intraparenchymal hemorrhages, 386 ischemic
strokes, and i01 strokes of undetermined type. Caicium
intake was positively associated with history of diabetes,
vigorous exercise, use of muitivitamin and vitamin E suppie-
ments, and intakes of -3 polyunsaturated fatty acids and
animal proiein and was inversely associated with smoking,
hypertensmn and intakes of alcohol and saturated fat. Intakes
of potassium and magnesium had associations with these
variables similar to those for calcium mtake, except for weak
positive correlations with smoking (Table 1).

Table 2 presents age- and smoking-adjusted risk of ische-
mis cfrnlrs anonerding ta mnintilac AF snlaizimn intnlra fina

T
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calcium from multivitamin supplements but not specific
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TABLE 1. Baseline Characteristics and Risk Factors in a Cohort of 85 764 Women in 1980, According to Intake of

Calcium, Potassium, and Magnesium

Calcium Potassium Magnesium
Lowest Intermediate  Highest Lowest Intermediate Highest Lowest Intermediate Highest
* Mean age, ¥ 457 46.2 46.2 49 46.1 473 47 463 47.3
Women with potential risk
indicators, %*
Current smoking 336 27.2 259 28.7 286 305 26.9 28.5 30.8
Hypertension 17.3 15.0 14.8 16.4 15.0 15.9 17.7 15.3 15.1
Diabetes 1.9 20 28 16 20 26 1.7 22 24
High cholesterol levels 5.3 5.1 5.1 49 47 6.2 47 49 6.2
Body mass index =29 kg/m? 14.2 13.4 13.9 15.9 128 134 16.9 13.2 12.0
Current hormone use in 35.9 38.9 40.1 38.6 36.6 35.0 38.7 36.6 354
postmenopausal women
Vigorous exerciset 379 45.8 48.3 36.4 445 52.3 370 . 4.1 52.7
Alcohol intake =25 g/d 11.7 6.6 37 9.2 74 5.1 7.0 74 76
Multivitamin use 26.8 334 423 294 34.0 383 289 34.2 38.8
Vitamin E use 9.7 12.7 16.8 9.8 127 16.5 91 12.6 17.5
Aspirin use =1/wk 396 408 387 394 408 394 396 411 39.3
Highest quintile of nutrients:
Saturated fat 25.2 19.0 18.1 322 20.0 8.0 332 19.5 85
«~3 polyunsaturated fatty acids 129 19.3 27.0 5.9 16.5 411 69 17.0 382
Animal protein 13.7 16.0 354 10.8 165 36.3 13.1 18.4 304

*Age-adjusted by the 5-year age categories of the age distribution of the cohort. The women were divided into 5 groups for each cation according
to quintiles of dietary intake. “Lowest” denotes the first quintile, “Intermediate” the third quintile, and “highest” the fifth quintile.

+Sweat-producing exercise at least once a week.

calcium supplements), dietary potassium, and dietary magne-
sium intake. Calcium intake was inversely associated with
risk of ischemic stroke, and the association was stronger
when we excluded nonatherogenic embolic infarctions
(n=39). A reduction in risk was found in the second quintile,
and further small reductions were observed in higher quin-
tiles, but there was no strong linear trend. There was no clear
relation between calcium intake and risk of subarachnoid
hemorrhage, but a suggestion of a decreased risk of intrapa-
renchymal hemorrhage was noted. Intakes of potassium and
magnesium were not related to risk of intraparenchymal
hemorrhage or subarachnoid hemorrhage.

Table 3 shows multivariate adjusted relative risks of
ischemic stroke (excluding nonatherogenic embolic infarc-
tions) according to quintile of calcium, potassium, and
magnesium intakes. The inverse association between calcium
intake remained statistically significant after adjustment for
history of hypertension and after further adjustment for other
cardiovascular risk factors. Further adjustment for potassium
or magnesium intake attenuated the association slightly. The
inverse association between potassium intake and risk was
attenuated after adjustment for history of hypertension and
other cardiovascular risk factors. Further adjustment for
calcium intake, however, substantially attenuated the associ-
ation, which was no longer statistically significant. The
inverse association with magnesium intake also was no
longer significant after adjustment for history of hyperten-
sion. The trend for reduction in risk of intraparenchymal
hemorrhage associated with calcium intake remained statis-

tically nonsignificant after multivariate adjustment for car-
diovascular risk factors; the multivariate relative risk in the
highest versus lowest quintiles of calcium intake was 0.62
(95% CI, 0.27 to 1.39; P for trend=0.11),

There was no clear dose-response association between
calcium supplement use and stroke risk, but women who took
supplements containing =400 mg/d tended to have lower
risk: the multivariate relative risk adjusted for age, smoking,
other cardiovascular risk factors, and dietary calcium was
0.88 (95% CI, 0.66 to 1.18; P=0.39) when we compared
calcium supplement users with nonusers (updated informa-
tion). The multivariate relative risk based on the 1986 data
only was 0.75 (95% CI, 0.56 to 1.01; P=0.05) for calcium
supplement users compared with nonusers. Potassium supple-
mentation was not associated with risk of ischemic stroke; the
multivariate relative risk was 1.03 (95% CI, 0.63 to 1.68;
P=0.91). We observed no reduction in risk of ischemic
stroke among magnesium supplement users with or without
updating of use; the multivariate relative risk was 1.47 (95%
CIL, 0.73 to 2.93; P=0.28) with updating and 1.46 (95% ClI,
0.76 to 2.81; P=0.26) without updating.

Dietary calcium intake (excluding multivitamin supple-
ments) was also inversely associated with the risk of ischemic
stroke (Table 4). The inverse association was stronger for
dairy calcium than for nondairy calcium, but the Cls broadly
overlapped. The age- and smoking-adjusted relative risk of
ischemic stroke in the highest versus the lowest quintile was
0.68 (95% CI, 0.50 to 0.94) for dairy calcium (P for
trend=0.05) and 0.82 (95% CI, 0.58 to 1.16) for nondairy
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TABLE 2. Age- and Smoking-Adjusted Relative Risk (35% Cl) of Ischemic Stroke in a Cohort of 85 764 Women Followed During

19801994, According to Quintile Group for Calorie-Adjusted Calcium, Potassium, and Magnesium intake in 1980*

No. of Cases and Relative Risk by Quintile of Cation Intake

1 (Low) 2 3 4 5 (High) P for Trend
Calclum
Median, mg/d 395 546 675 837 1145
All stroke
Cases, n 165 132 117 142 134
Relative risk {95% CI) 10 0.79 (0.63-1.00) 0.71 (0.56-0.90) 087 (0.70-1.09)  0.83 (0.66-1.04) 0.34
Subarachnoid hemorrhage
Cases, n 28 20 15 32 34
Relative risk (95% CI) 1.0 0.72 (0.40~1.27) 058 (0.32-1.06) 1.20 (0.73-1.98)  1.33 (0.82-2.16) 0.03
Intraparenchymal hemorrhage
Cases, n 16 21 15 13 9
Retative risk (95% CI) 1.0 1.32 (0.69-253) 0.93 (0.46-1.90) 080 (0.38-1.69) 0.56 (0.24-1.30) 0.07
lschemic stroke
Cases, n 99 7 n 67 72
Relative risk (35% Ci) 1.0 0.76 (0.56-1.03) 0.72 (0.53-097) 0.68 (0.50-093) 0.72 (0.53-0.98) 0.04
Ischemic stroke excluding nonatherogenic
embolic infarctiont
Cases, n 95 70 62 58 62
Relative risk (95% Cf) 1.0 0.72 (0.53-0.99) 0.66 (0.48-0.91) 0.62 (0.45-0.86) 0.65 (0.47-0.90) 0.01
Potassium
Median, mg/d 2017 2412 2708 3030 3555
All stroke
Cases, n 147 117 146 134 146
Relative risk (95% Cf) 1.0 0.75 (0.59-0.95) 0.90 (0.72~1.14)  0.80 (0.63-1.01)  0.83 (0.66-1.04) 0.19
Subarachnoid hemorrhage
Cases, n k)] 22 21 24 . 3
Relative risk (95% CI) 1.0 0.70 (0.40-1.20) 0.64 (0.37-1.11) 070 (0.41-1.21)  0.96 (0.59-1.56) 0.90
Intraparenchymal hemorrhage
Cases, n 14 10 18 16 16
Relative risk (35% CI) 1.0 0.67 (0.30-1.53) 1.15 (0.57-2.32) 1.00 (0.49-2.05) 0.99 (0.49-2.02) 0.81
Ischemic stroke
Cases, n 87 64 82 74 79
Relative risk (95% Cf) 1.0 0.68 (0.49-0.94) 085 (0.63-1.15 073 (0.53-1.00) 0.71 (0.52-0.96) 0.07
Ischemic stroke excluding nonatherogenic
embofic infarctiont
Cases, n 81 58 74 66 68
Relative risk {95% Cf) 1.0 0.66 {0.47-0.93) 0.82 (0.60-1.13)  0.70 (0.50-0.97) 0.66 (0.47-0.91) 0.03
Magnesium '
Median, mg/d 211 254 287 323 381
Al stroke
Cases, n 136 132 136 146 140
Relative risk (35% Cf) 10 0.8¢ (0.70-1.13)  0.86 (0.68-1.089) 091 (0.72-1.14  0.80 (0.63~1.01) 0.11
Subarachnoid hemorrhage
Cases, n 26 21 25 29 28
Relative risk (95% Ch 1.0 0.76 (0.43-1.35) 0.86 (0.50-1.49) 098 (0.58-1.66) 092 (0.54-1.57) 0.90
Intraparenchymal hemorrhage .
Cases, n 15 14 9 23 13
Relative risk {95% Cl) 1.0 0.86 (0.42-1.76) 0.49 (0.21-1.13) 133 (0.71-249)  0.64 (0.30~1.37) 0.76
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TABLE 2, Continued

No. of Cases and Relative Risk by Quintile of Cation Intake

1 (Low) 2 3 4 5 (High) Ptor Trend

Ischemic stroke

Cases, n 78 74 83 72 79

Relative risk (95% CI) 1.0 0.85 (0.62-1.17)  0.80 (0.66~1.23)  0.75 (0.55-1.03)  0.74 (0.54-1.02) 0.06
Ischemic stroke excluding nonatherogenic
embolic infarctiont

Cases, n 73 64 74 64 72

Relative risk (95% Cl) 1.0 0.79 (0.56-1.1t) 085 (0.62-1.18) 072 (0.53-1.00) 0.73 (0.52-1.01) 0.06

*Calcium intake was estimated from diet and mutltivitamin supplements; potassium and magnestum Intake was estimated from diet only.
+Embolic infarction due to nonvalvular atrial fibrillation, valvular heart disease, cardiomyopathy, bacterial endocarditls, and other nonatherogenic embolic origins

were excluded.

calcium (P for trend=0.08). Further adjustment for other
cardiovascular risk factors attenuated the associations, but
they continued to be stronger for dairy than for nondairy
calcium.

We further explored the relation between specific food
sources of dairy calcium and the risk of ischemic stroke. We
observed an inverse relation between yogurt intake and the
age- and smoking-adjusted risk of ischemic stroke; the
relative risk among women who ate yogurt =5 times per
week compared with those who almost never ate it was 0.69
(95% CI, 0.34 to 1.40; P for trend=0.06). Similar inverse
trends were seen for hard cheese (the rejative risk compared
with women who almost never ate it was 0.63 [95% CI, 0.40
to 0.99] for women who ate cheese =1 times per day; P for
trend=0.20), ice cream (0.70 [95% CI, 0.42 to 1.17] for
women who ate =5 times per week; P for trend=0.14), and

milk (0.74 [95% CI, 0.51 to 1.06] for women who ate =2
times per day; P for trend=0.44), but less so for cottage
cheese (0.94 [95% CI, 0.60 to 1.47] for women who ate =5
times per week; P for trend==0.71).

Discussion

We observed that intakes of calcium, potassium, and magne-
sium were each inversely associated with the age- and
smoking-adjusted risk of ischemic stroke, excluding embolic
infarction of nonatherogenic origin. After adjustment for
history of hypertension and other cardiovascular risk factors,
the association with calcium remained statistically signifi-
cant, and that with potassium was of borderline significance.
Further simultaneous adjustment of calcium and potassium
intake more strongly supported an independent association of
ischemic stroke with calcium intake. '

TABLE 3. Multivariate Relative Risk (95% Cl) of Ischemic Stroke* in a Cohort of 85 764 Women Followed
During 1980-1994, According to Quintile Group for Calorie-Adjusted Calcium, Potassium, and Magnesium

Intake in 1980
Adjusted Relative Risk by Quintile of Cation Intake
1 (Low) 2 3 4 5 (High) Por Trend
Caicium 1.0 0.75 (0.55-1.03)t 0.68 (0.49-0.94) 0.64 (0.46-0.89) 0.69 (0.50-0.95) 0.02
1.0 0.76 (0.56-1.04)¢ 0.69 (0.50-0.96) 0.66 (0.47-0.92)  0.69 (0.50-0.95) 0.03
10 0.78 (0.57-1.07)§ 0.71 (0.51-1.00) 0.68 (0.47-0.97) 0.72 {0.49-1.05) 0.11
1.0 0.76 (0.55-1.05)} 0.69 (0.49-0.96) 0.65(0.46~0.93)  0.68 (0.47-0.97) 0.05
Potassium 1.0 0.69 (0.49-0.97t 0.85 (0.62-1.16) 0.71 (0.52-0.99) 0.69 (0.50-0.95) 0.04
1.0 0.72 {(0.51-1.01¢ 0.90 (0.66~1.25) 0.75(0.54-1.05)  0.72{0.51-1.01) 0.10
1.0 0.78 (0.55-1.1011 1.03 (0.73-1.44) 0.89(0.62-1.27)  0.87(0.58~1.30) 0.67
Magnesium 1.0 0.83 (0.59-1.16)t 0.90 (0.65-1.24) 0.75 (0.54-1.05) 0.78 (0.57-1.10) 0.15
1.0 0.86 (0.61-1.20)¢ 0.94 (0.68-1.31) 0.80 (0.57-1.13)  0.84(0.60-1.19) 0.31
1.0 0.93 (0.66-1.31)% 1.08 (0.77-1.52) 0.95 (0.66-1.36) 1.04 (0.71-1.52) 0.83

*Embolic infarction due to nonvalvular atrial fibrillation, valvular heart disease, cardiomyopathy, bacterial endocarditis, and other

nonatherogenic embolic origins were excluded.
tAdjusted for age (5-year category), smoking status (5 categories), time interval, and a history of hypertension (yes vs no).

+Adjusted for factors ctted above and for body mass index (5 categories), aicohol intake (4 categories), menopausal status and
postmenopausal hormone use, vigorous exercise (ves vs no), usual aspirin use (<1/wk, 1-2/wk, 3-6/wk, 7-14/wk, and =15/wk), .
muttivitamin use (yes vs no), vitamin E use (yes vs no), -3 fatty acid intake (quintile), and histories ot diabetes and high cholesterol

fevels (yes vs no).

§Adjusted for factors cited above and for potassium intake.
lIAdjusted for factors cited above and for magnesium intake.
Adjusted for factors cited above and for calcium intake.




TABLE 4. Relative Risk (95% CI) of lschemic Stroke* in a Cohort of 85 764 Women Followed During 19801994,

Calcium, Potassium, and Magnesium Intake and Stroke in Women

According to Quintile Group for Calorie-Adjusted Dairy and Nondairy Calcium Intake

No. of Cases and Relative Risk by Quintile of Cation Intake

1 (Low) 2 3 4 5 (High) Ptor Trend
* Digtary calcium (without supplement) :

Median, g/d 303 543 670 820 1128

Cases, n 91 73 62 57 64

Relative risk (95% Cit 10 0.79 068 (0.49-095) 063 (0.45-0.88) 070 (0.51-097) 0.2
(0.58-1.08) »

Relative risk (95% Cht 1.0 0.83 0.73 (0.53-1.01) 067 (0.48-0.94) 0.73 (0.53-1.01)  0.04
0.61-1.13)%

Dairy calcium

Median, g/d 108 244 374 535 844

Cases, n 100 53 76 53 65

Relative risk (95% Clyt 1.0 0.55 0.80 (0.59-1.08) 057 (040-0.79) 0.68 (0.50-0.94)  0.05
{0.40-0.70%

Relative risk (95% Chit: 1.0 0.56 0.83 (0.62-1.12) 059 (0.42-0.83) 0.70 (0.51-097) 008
{0.40-0.79)¢

Nondairy caiclum

Median, g/d 199 247 284 324 391

Cases, n 65 84 63 70 65

Relative risk (95% Cht 1.0 1.24 0.89 (0.63-1.26) 0.95 (0.68-1.33) 0.82 (0.58-1.16)  0.08
(0.90-1.71)%

Relative risk (95% CIt 1.0 1.31 095 (0.67-1.35 1.03 (0.73-1.45) 091 (064-129) 025
(0.95-1.82)¢

*Embolic infarction due to nonvalvular atrial fibrillation, valvular atrial fibrillation, vaivular heart disease, cardiomyopathy, bacterial endocarditis, and

other nonatherogenic embolic origins were excluded.

tAdjusted for age (5-year categories), smoking status (5 categories), and time interval.

$Adjusted for factors cited above and for body mass index (5 categories), alcohol intake (4 categories), menopausal status and postmenopausal
hormone use, vigorous exercise (yes vs no), usual aspirin use (<1/wk, 1-2/wk, 3-6/wk, 7-14/wk and =15/wk), muitivitamin use (yes vs no), vitamin
E use {yes vs no), «-3 fatly acid intake (quintile), and histories of hypertension, diabetes, and high cholesterol levels (yes vs no).

A prospective study of Japanese Americans living in
Honolulu, Hawaii, showed an inverse relation between cal-
cium intake and risk of ischemic stroke,?® an association
restricted to dairy calcium intake and specifically to milk
consumption. In our study, however, the inverse association
with dairy calcium intake was not restricted to milk but was
also observed for yogurt, hard cheese, and ice cream. This
discrepancy is not surprising because milk is a dominant
source of dairy calcium for Japanese Americans, but in the
present study population, milk accounted for ~60% of dairy
calcium, and yogurt, cheese, and ice cream accounted for
=~40%. Median intake of calcium was 406 mg/d for the
Japanese-American men?° and 675 mg/d for our population of
women, with dairy calcium accounting for most of the
difference between the 2 populations.

The present study also suggested an inverse association
between nondairy calcium intake and risk of ischemic stroke,
although the relation was not as strong as for dairy calcium,
perhaps in part because of the smaller range of calcium intake
from nondairy (a 3-fold difference in medians of extreme
quintiles) compared with dairy foods (a 10-fold difference)
(Table 4). The weaker association may also be due to lower
bioavailability of nondairy calcium than dairy calcium.** The
relation between calcium supplements and reduced risk of
ischemic stroke was stronger when the variable of calcium

~

supplementation was not updated, suggesting a long-term
protective effect of calcium supplementation on ischemic
stroke. These results suggest that calcium intake per se may
reduce risk of ischemic stroke.

The mechanisms by which caicium intake could reduce
risk of ischemic stroke are not well elucidated. A recent
meta-analysis of randomized clinical trials concludes that
calcium supplementation may slightly reduce systolic blood
pressure, by —0.9 to —1.3 mm Hg, but not diastolic blood
pressure.®? In the Nurses’ Health Study,? dietary calcium
estimated from the 1980 dietary questionnaire had an inde-
pendent and significant inverse association with risk of
development of hypertension during 1980-1984. However,
the analysis of dietary calcium and risk of hypertension
during 19841988 using the 1984 dietary questionnaire did
not yield a significant association.?? These results suggest that
a hypotensive effect of calcium intake, if any, is small and
unlikely to explain any substantial part of the inverse relation
between calcium intake and risk of ischemic stroke. This
interpretation is supported by our finding that the inverse
association was only slightly attenuated in multivariate anal-
yses after adjustment for history of hypertension. In addition
to a hypotensive effect, increased calcium intake reduced
platelet aggregation in animal and human studies,*s=3¢ provid-
ing another mechanism that may lead to reduction of risk of
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ischemic stroke. In animal studies?*3” and human trials of
hypercholesterclemic persons,3-® calcium supplementation
has reduced serum total cholesterol, which may also contrib-
ute to reduce the risk of ischemic stroke. 4

Dietary potassium intake also was associated with reduced
risk“of ischemic stroke, but the relation was far from
statistically significant after simuitaneous adjustment for
calcium intake. However, we cannot rule out a modest
independent effect of dietary potassium on risk. We found no
association between potassium supplement use and risk of
ischemic stroke. A meta-analysis of randomized clinical trials
found that potassium supplementation reduces both systolic
(—5.9 mm Hg) and diastolic blood pressure (—3.4 mm Hg).®
Hypertensive rats given a high-potassium diet had decreased
vascular smooth muscle cell proliferation that may contribute
to a reduced risk of stroke.1¢ A prospective study of American
white men and women showed a significant inverse associa-
tion between potassium intake and stroke-associated mortal-
ity.2t However, the number of end points was small (n=24)
and relied solely on the death certificate diagnoses, which did
not allow analyses of specific stroke subtype. A study of
Japanese persons living in Honolulu showed an inverse
association between potassium intake and risk of fatal ische-
mic stroke (n=33), but not of nonfatal ischemic stroke
(n=221).22 A recent study of US health professional men
indicated an inverse association between potassium intake
and risk of all stroke and ischemic stroke, particularly among
hypertensive men.?

As in the study of US men,? in the present study we found
no independent association between magnesium intake and
risk of stroke, but we cannot exclude a modest effect of this
cation on risk of ischemic stroke. A weak inverse trend was
found in the age- and smoking-adjusted analysis. Attenuation
of the association after further adjustment for history of
hypertension was consistent with the finding that magnesium
intake was associated with reduced risk of development of
hypertension in this cohort.2 Several randomized trials have
tested whether magnesium supplementation reduces blood
pressure, but the results have been inconsistent.29.10

In conclusion, dietary intake of caicium was inversely
associated with risk of ischemic stroke in middle-aged Amer-
ican women. The shape of this inverse association was not log
linear; the increase in risk was limited to the lowest quintile
of intake, and intakes >==600 mg/d did not appear to reduce
risk of stroke further. Although the mechanisms to account
for this relation are not clear, the present study suggests that
avoiding low intakes of calcium and possibly potassium may
be beneficial for prevention of ischemic stroke. However, it
also remains possible that women in the lowest quintile of
calcium intake had unknown characteristics that made them

susceptible to ischemic stroke. Further studies of intake of

cations and risk of stroke are warranted.
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N SEVERAL ARTICLES, NUTRIENTS IN

fruit and vegetables such as di-

etary fiber, potassium, and antioxi-

dants have been associated with re-
duced risk of cardiovascular disease
(CVD)."* However, the data directly
relating fruit and vegetable intake and
CVD are sparse, as summarized in a re-
cent review ® and the results of studies
that specifically examined fruit and
vegetables as a group were inconsis-
tent.’ Furthermore. many studies were
small with few end points, dietary as-
sessments were often crude and avail-
able only at baseline, and the distinc-
tion was often not made between
hemorrhagic and ischemic strokes,
which have different causes. To under-
stand better the relationship between
diet and stroke, we examined intakes
of specific fruits and vegetables, as well
as overall fruit and vegetable consump-
tion, in relation to the incidence of is-
chemic stroke in 2 large cohorts of
women and men.

METHODS
Study Populations

Data for this analysis were derived from
2 ongoing cohorts, the Nurses’ Health

See also Patient Page.

Context Few studies have evaluated the relationship between fruit and vegetable
intake and cardiovascular disease.

Objective To examine the associations between fruit and vegetable intake and is-
chemic stroke.

Design, Setting, and Subjects Prospective cohort studies; including 75 596 women
aged 34 to 59 years in the Nurses' Health Study with 14 years of follow-up (1980-
1994). and 38683 men aged 40 to 75 years in the Health Professionals’ Follow-up
Study with 8 years of follow-up (1986-1994). All individuals were free of cardiovas-
cular disease, cancer, and diabetes at baseline.”

Main Outcome Measure Incidence of ischemic stroke by quintile of fruit and veg-
etabie intake.

Results A total of 366 women and 204 men had an ischemic stroke. After control-
ling for standard cardiovascular risk factors, persons in the highest quintile of fruit and
vegetable intake (median of 5.1 servings per day among men and 5.8 servings per
day among women) had a relative risk (RR) of 0.69 (95% confidence interval [Cl],
0.52-0.92) compared with those in the lowest quintile. An increment of 1 serving per
day of fruits or vegetables was associated with a 6% lower risk of ischemic stroke (RR,
0.94: 95% Cl, 0.90-0.99; P = 01, test for trend). Cruciferous vegetables (RR, 0.68 for
an increment of 1 serving per day; 95% Cl, 0.49-0.94), green leafy vegetables (RR,
0.79; 95% CI, 0.62- 0.99), citrus fruit including juice (RR, 0.81; 95% Cl, 0.68-0.96),
and citrus fruit juice (RR, 0.75; 95% Cl, 0.61-0.93) contributed most to the apparent
protective effect of total fruits and vegetables. Legumes or potatoes were not asso-
ciated with lower ischemic stroke risk. The multivariate pooled RR for total stroke was
0.96 (95% Cl, 0.93-1.00) for each increment of 2 servings per day.

Conclusions These data support a protective relationship between consumption of
fruit and vegetables—particularly cruciferous and green leafy vegetables and citrus
fruit and juice—and ischemic stroke risk.

JAMA. 1999;282:1233-1239 www.jama.com

Study (NHS) and the Health Profession-
als' Follow-up Study (HPFS).! The 2
studiesare similar in design; participants
in both cohorts have been completing
mailed questionnaires every 2 years to
provide information on medical history,
health behaviors, and the occurrence of
cardiovascular and other outcomes. The
NHS enrolled 121 700 female registered
nurses aged 30 to 55 years in 1976.
The HPFS study popuilation is com-
posed of 51 529 male health profession-
als including dentists, veterinarians,
pharmacists, optometrists, osteopathic

_ physicians, and podiatrists who were 40

10 75 years of age in 1986.

Population for Analysis

After 4 mailings, 98 462 women re-
turned the 1980 NHS dietary question-
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naire. We excluded those with 10 or
more items blank, those with implau-
sible scores for total food intake (<2092
kJ/d or >14 644 kJ/d) (n=5994), and
those with previously diagnosed can-
cer, diabetes, or CVDs (n=7254).
Among the men, we excluded 6442 par-
ticipants who reported CVD, cancer, or
diabetes prior to the follow-up period.
We further excluded 1349 men who re-
ported daily energy intake outside the
plausible range of 3360 to 17 640 k]/d
or who left 70 or more of the 131 di-
etary questions blank. More than 90%
of the baseline population, on aver-
age, responded to at least 1 follow-up
questionnaire, and about 80% com-

pleted each of the repeated dietary ques-
tionnaires during follow-up in these co-
horts. The total number of subjects
included in this analysis were 75596
women and 38 683 men (TABLE 1).

Assessment of Stroke End Points

Participants (or next of kin for the
deceased) reporting an incident stroke
on a follow-up questionnaire were asked
permission to have their medical records
reviewed. Using these records, includ-
ing imaging results recommended by
the National Survey of Stroke.® we sub-
classified the strokes into ischemic
(embolic or thrombotic), hemorrha-
gic (subarachnoid or intracerebral), or

unknown type. Cases attributed to
infections or malignant processes or -,
cases of indeterminate age dxscovered E
on computed tomographic or mag- . ¥
netic resonancing imaging scans with- -k
outacutesymptomswerenotmcluded. ak
Physicians reviewing the medxcal
records were unaware of the partici- -
pants’ dietary status. Deaths Were-_ .
reported by next of kin or coworkers :f
or were obtained from postal authon- X
ties or from the National Death Index.
Only strokes confirmed by medf'cﬁ
~Tecords were included in this analys;gi
_We considered nonresponders who
were not listed on the National Death b g
Index as noncases. :

2* e e s afila b LS
[t i N y .

’.i
2 A SN
Table 1. Description of Age-Standardized Cardiovascular Risk Factors by Baseline Quintiles of Fruit and Vegetable Intake Among 75596 =~}
Women and 38 683 Men* 3

Fruit Quintiles Vegetable Quintiles -
l 1 3 l I 1 3 5 ! !
Women - ;

Servings per day 0.9 2.3 4.5 1.6 3.3
Age, ¥ 448 486.2 47.4 455 459
Current smoker, % 42.8 259 19.8 321 28.5
Current estrogen replacement, %t 6.3 6.7 7.1 6.9 6.6
Regular vigorous activity, % 34.2 46.2 54.2 37.9 44.0
Body mass index, kg/m? 242 24.3 24.3 24.2 24.3
History at bassline, %

Hypertension 13.2 14.8 <171 14.2 15.1

High cholesteroi level 5.1 4.7 54 4.4 4.9
Parents’ coronary heart disease history 20.0 20.5 20.3 194 20.0

atage =65y, %
Multivitamin supplement use, % 276 34.5 38.7 30.8 33.0
Saturated fat, g/d 28.7 27.3 28.7 24.7 27.6
Cereal fiber, g/d 2.3 S 2.7 28 2.4 27

Men '

Servings per day 0.7 2.1 4.3 1.4 2.8
Age, y 515 54.1 55.2 53.0 53.7
Current smoker, % 18.4 8.6 49 13.0 10.0
Physical activity, metabolic equivalent/wkt 141 19.7 26.5 16.0 19.2
Body mass index, kg/m? 25.7 254 25.2 255 25.4
History at bassline, % )

Hypertension 19.3 19.3 19.6 19.0 20.0

High cholesterol level 9.2 2.7 1.8 3.0 11.0
Family history of coronary heart disease at age <60y, % 12.0 12.0 12.0 11.0 12.0
Muttivitamin supplement use, % 412 48.4 54.1 45.0 _46.0
Saturated fat, g/d 243 247 249 226 25.0
Cereal fiber, g/d 5.6 71 8.1 5.9 7.0

*Standardized for age (except for age itself) to the conort age distribution (Nurses’ Heaith Study or Heaith Professionais’ Follow-up Study); values are means uniess otherwise
specified. o

tAMong postmenopausal women only,

Metabolic equivalent (MET) hours = sum of the average time per week spent in each activity X MET value of gach activity
caloric need/kg body weight/hour activity

MET value =

caloric neeq/kg body weight/hour at rest

1234 JAMA, October 6, 1999—Vol 282, No. 13
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pietary Assessment

In the NHS, diet was assessed in 1980,
1984, 1986, and 1990. A 61-item semi-
‘quantitative food frequency question-
naire (FFQ) including 6 fruitand 11 veg-
etable items, and potatoes was included
in 1980. An expanded 116-item FFQ in-
cluding 15 fruit items, 28 vegetable
items, and potatoes were included in
1984; similar questionnaires were re-
peated in 1986 and 1990. In the HPFS,
diet was assessed in 1986 and 1990 us-
ing an expanded semiquantitative FFQ
similar to that used in the NHS. Fur-
ther details about the NHS and the HPFS
have been described elsewhere.!

On dietary questionnaires, partici-
pants reported their average intake of
a specified portion size for each food
over the past vear. For each food item
on the questionnaire, 9 responses were
possible, ranging from never or less than
once per month to 6 or more times per
day. Detailed descriptions of the repro-
ducibility and validity of the FFQ for
both men and women have been pub-
lished previously.®!! Validity of the di-
etary data has been documented by
comparisons with multiple weighted di-
etary records correcting for within-
person weekly variation in diet. The
correlation coefficients for responses to
the 61-item questionnaire in the NHS
for fruits and vegetables compared with
four 1-week diet records averaged 0.57
(ranging from 0.27-0.93). In the HPFS,
Pearson correlations between intake
from the questionnaire and the diet
records, corrected for within-person
weekly variation in diet record, were on
average approximately 0.7 for intake of
individual fruits and 0.5 for intake of
individual vegetables.

Responses to the individual food
items were converted to average daily
intake of each fruit and vegetable item
for each participant. The average daily
intakes of individual food items were
combined to compute total fruit and
vegetable intake, as well as intakes of
composite fruit and vegetable groups.
The definitions of composite groups
were based on a report by Steinmetz et
al'?; the groups were modified to re-
late to our questionnaires and hypoth-

FRUIT AND VEGETABLE INTAKE AND ISCHEMIC STROKE

esis {available on request from the au-
thors). Vitamin C-rich fruits and
vegetables included items containing
more than 30 mg of vitamin C per serv-

‘ing. For total vegetable intake, we did

not include potatoes, tofu and soy-
beans, dried beans and lentils, or items
with small portion sizes such as chili
sauce and garlic. Missing individual
components were counted as zero in-
take when aggregating items to com-
pute the composite items.

Data Analyses

We recorded 670 total strokes among
women: 366 new cases of ischemic
stroke. 198 new cases of hemorrhagic
stroke, and 106 of unknown type. There
were 317 total strokes among men: 204
ischemic, 64 hemorrhagic, and 49 of
unknown type. Due to the relatively
small number of cases of hemorrhagic
stroke to date and the differences in
cause between ischemic and hemor-
rhagic stroke, this article focuses only
on ischemic stroke.

Person-time for each participant was
calculated from the date of return of the
1980 questionnaire (in the NHS) or the
1986 questionnaire (in the HPFS) to the
earlier of the date of first stroke event,
death. or the cutoff date (June 1, 1994,
for the NHS, and January 31, 1994, for
the HPFS). Participants who reported
CVD or cancer or diabetes prior to
completion of the baseline dietary ques-
tionnaires were excluded. Each partici-
pant thus contributed only 1 end point,
and the cohort at risk for each fol-
low-up period included only those who
remained free from stroke at the begin-
ning of each 2-year follow-up period.

Due to the difference in sex, fol-
low-up time, and the questionnaires in
the 2 cohorts, the analyses were per-
formed separately in each cohort and
combined to achieve better control of
confounding. The risk for ischemic
stroke was compared by fruit/vegetable
intake using pooled logistic regression

methods proposed by Cupplesetaland *

D’Agostino et al,"* which summarize the
relative risk (RR) across all 2-year fol-
low-up periods. Analyses were adjusted
for age (53-year categories): smoking

{(never, former, current: 1-14, 15-24, and
=25 cigarettes per day); alcohol con-
sumption (5 categories in women, 7 cat-
egories in men); family history of myo-
cardial infarction (<63 years of age in
women, <60 years of age in men); body
mass index (quintiles); multivitamin
supplement use; vitamin E use, aspirin
use, physical activity (2 categories in
women, quintiles in men); and reported
hypertension and hypercholesterol-
emia and time period. Additionally,
among the women, we controlled for
posumenopausal hormone use. Wealso
controlled for total energy intake.!>1¢

Because of the long follow-up period,
exposures and confounders were
updated to better represent long-term
dietary patterns.'” In the NHS we used
the 1980, 1984, 1986, and 1990 ques-
tionnaires, and in the HPFS we used the
1986 and 1990 questionnaires. We com-
puted fruitand vegetable intake for each
follow-up period as a cumulative aver-
age of intake from all available FFQs up
to the start of the 2-year follow-up
period in which events were reported.
Since intermediate end points may influ-
ence diet, in cases in which the partici-
pant experienced angina, coronary
artery bypass grafting or angioplasty,
hypercholesterolemia, hypertension, or
diabetes, we stopped updating diet at
the beginning of the interval in which
they experienced the outcome.

The average daily intake for each com-
posite item was coded into quintiles of
intake within each cohort. Each quin-
tile of intake was compared with the low-
est quintile of intake. Trends in stroke
risk across individual fruits and veg-
etables and composite items were as-
sessed in logistic models by using a vari-
able for the average number of servings
consumed per day. To assess the trend
for composite items, we used the me-
dian values of intake for each quintile
of the composite item to minimize the
influence of outliers. The RR for the con-
tinuous measures, for both the indi-
vidual and composite iterns, indicates the
increase or decrease in risk associated
with an average increment of 1 serving
per day of the standard portion size de-
fined in the questionnaires.
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Because a protective effect of fruits and
vegetables could be explained by their
vitamin content, we also evaluated asso-
ciations between fruit and vegetables and
ischemic stroke separately among mul-
tivitamin supplement users and nonus-
ers. Nonusers of multivitamins who took

Table 2. Multivariate Relative Risks (RRs) of Ischemic

other vitamin supplements at baseline
were excluded from these subgroup
analyses. Nonusers from the HPFS who
took mineral supplements at baseline
were also excluded from the subgroup -
analyses; data on mineral supplements
were not available in the NHS in 1980.

We also performed the analyses sepa-
rately for current smokers and for never
or past smokers to determine if smok- -
ing influenced the association between
intake of fruits and vegetables and ische-
mic stroke. For the primary analyses, the
RR from the (pooled) logistic regres-

Stroke With 95% Confidence Intervals (Cls) by Quintile and per Serving per Day*

Median Servings
Quintilet per Day§
f 1 : ]
1 Serving _. [Quintile
Composite tems 2 3 4 5 per Dayt - Qverall 1, 5}

All fruits and vegetables ) T )

Women 0.89(0.66-1.20) 0.75(0.55-1.04) 0.60(0.42-0.85) 0.74(0.52-1.05) 0.93(0.87-1.00) 582 [2.93,10.15]
Men 0.77 {0.49-1.20) ' 0.70{0.44-1.10) 1.03(0.67-1.57) 0.61(0.37-1.00) 0.96({0.88-1.03) 507 [2.54, 9.15]
Pooled 0.85 (0.66-1.09) 0.73(0.56-0.95) " 0.77 (0.46-1.31) '0.69 (0.52-0.92) 0.94 (0.90-0.99)

All fruits ' ) '

Women 0.88 (0.65-1.20) 0.82(0.60-1.13) 0.66(0.47-0.93) 0.69 (0.49-0.98) 0.87 (0.78-0.96) 2.33 [0.86, 4.54]
Men 0.78 {0.50-1.22) 0.84{0.54-1.31) 0.87(0.56-1.34) 0.68(0.42-1.10) 0.93(0.82-1.05) 2.09 {0.72,4.33).
Pooled 0.85 (0.66-1.09) 0.83{0.64-1.07)  0.73(0.56-0.96) 0.68(0.52-0.91) 0.89 (0.82-0.97)

All vegetables .
Wormen 1.23(0.92-1.85) 0.88(0.63-1.22) 0.76(0.54-1.08) 0.89(0.63-1.26) 0.95 (0.86-1.06) 334 [1.60, 6.21]
Men 0.09 (0.85-1.51) 0.76 (0.49-1.20) ' 0.81 (0.51-1.26) 0.90(0.58-1.41) 0.98(0.88-1.08) 2.83 [1.36, 5.37)
Pooled 1.15(0.80-1.46) 0.84 (0.64-1.09) 0.78(0.58-1.03) 0.90(0.68-1.18) 0.96(0.89-1.04)

Total citrus fruits ) o o o o ' § B
Women 0.70(0.51-0.96) 0.82(0.60-1.10) 0.72(0.52-0.98) 0.59 {0.42-0.82) 0.75(0.62-0.91) 0.85 [0.08, 1.80)
Men 1.24 (0.80-1.92) 0.82(0.59-1.45)  0.92(0.59-1.44) 0.92(0.58-1.44) 0.93(0.73-1.18) 0.86  [0.08,1.88] .
Pooled 0.91(0.52-1.680) 0.85(0.66-1.09) 0.78(0.60-1.01) 0.72(0.47-1.11) 0.81{0.68-0.96) ] :

Citrus fruit juices ' ) ) ) i
Women 0.80 (0.58-1.11) Q.77 (0.56-1.05) 0.91(0.66-1.25) 0.61(0.45-0.84) 0.73(0.56-0.95) 043 [0.00, 1.00]
Men 0.91 (0.60-1.39) 0.84(0.54-1.31) 0.85(0.53-1.37) 0.74{0.49-1.13) 0.80(0.57-1.13) 0.43 [0.00, 1.00)
Pooled 0.84 (0.65-1.09) 0.79(0.61-1.02) 0.89(0.68-1.16) 0.65(0.51-0.84) 0.75(0.61-0.93)

Cruciferous vegetables )

Women 1.09 {0.80-1.50) 1.04(0.77-1.42) 0.91(0.65-1.26) 0.77 (0.54-1.08) 0.69(0.44-1.08) 0.42
Men 0.65 (0.42-0.89) 0.82(0.54-1.23} 0.69(0.45-1.05) 0.64 (0.42-0.99) 0C.70(0.43-1.14) 004
Pooled 0.86 (0.51-1.44) 0.95(0.74-1,22) 0.82(0.63-1.06) 0.71(0.556-0.93) 0.68 {0.49-0.94) )

Green leafy vegetables ) ) T
Women 0.65(0.46-0.91) 0.71(0.52-0.96) 0.77(0.56-1.06) 0.76 (0.55-1.05) 0.84 (0.61-1.15) 0.73
Men 1.01{0.67-1.52) 1.08(0.70-1.67) 0.76 (0.49-1.17) 0.76(0.48-1.20) 0.73(0.52-1.03) 0.59
Pooled 0.80(0.51-1.24) 0.85(0.57-1.27) 0.77 (0.58-0.99) 0.76(0.58-0.89) 0.79 (0.62-0.99)

Vitamin C-ich fruits and vegetables :

Women . 0.83(0.62-1.12) 0.73(D.54-1.00) 0.68(0.49-0.95) 0.64 (0.46-0.89) 0.80(0.68-0.93) 1.53
Men 0.82(0.52-1.27) 0.62(0.39-0.99) 1.00(0.66-1.51) 0.77 {0.49-1.20) 0.85(0.80-1.13) 142
Pooled 0.83 (0.64-1.06]  0.70(0.54-0.80) 0.81(0.56-1.17) 0.68(0.52-0.89) 0.87 (0.73-1.03)

Legumes '

Women 1.15{0.83-1.60) 1.01(0.71-1.44) 1.38(1.02-1.88) 1.16(0.83-1.63) 1.65 (0.81-3.40) Q.16
Men 0.83 (0.55-1.25) 0.98(0.62-1.54) 1.07(0.71-1.62) 0.85(0.54-1.34) 0.71(0.33-1.62) 0.22
Pooled 1.00{0.73-1.38) 1.00(0.75-1.32) 1.26(0.98-1.62) 1.03{0.77-1.39) 1.09(0.47-2.51)

Potatoes ‘ )

Women 0.86(0.61-1.52) 0.92(0.61-1.39) 1.12(0.74-1.72) 1.09 (0.69-1.72) " 1.15 (0.69-1.90) 0.43
Men 1.11{0.81-1.52) '1.10(0.81-1.50) 1.04(0.74-1.46) 1.23(0.88-1.72) 1.25(0.85-1.83) 0.51
Pooled 1.06 {0.82-1.37)  1.03(0.80-1.32) 1.07 (0.82-1.40)

1.18 (0.80-1.54)

1.21 (0.89-1.64)

*Rasults in men, women, and pocied data for quintiles of intake compared with the fowest quintile and for an increment of 1 serving per day. Person-years
and 166 566 among men; cases = 366 among women and 204 among men. Models are adjusted for age (5-year categories), smoking (never, former,
cigarettes per day), alcohol (7 catagories in men, 5 categories in women), family history of myocardial infarction (age <60 y in men and age <65 y in women),
{quintiles), vitamin supplement use, vitamin E use, physical activity, aspirin use, 7 time periods for women, 4 time periods for men, hypertension and hyperchol

energy intake, and among women, postmenopausal hormone use.

t+Reference is quintile 1, lowast intake.

$Continuous variable for increments of 1 serving per day using median value for the quintile of intake.
§Distribution based on 1986 questionnaires.

=581 118 amongwomen .
current: 1-14, 15-24, 225
body mass index
esterolemia, total
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sion pooling across 2-year time periods
from the 2 cohorts were further com-
bined using the pooling methods pro-
.posed by DerSimonian and Laird'® that
weighted the RR in each cohort by the
inverse of the SEs. Finally, we exam-
ined the adjusted RR for total stroke,
using methods similar to those used for
ischemic stroke.

RESULTS

Table 1 shows the distribution of the
baseline standard cardiovascular risk fac-
tors by quintiles of baseline fruitand veg-
etable intake from the NHS and the
HPFS (quintile 5 being the highest in-
take group). Persons who consumed
more fruit and vegetables were older and
generally had healthier lifestyles as in-
dicated by lower rates of smoking and
higher levels of physical activity. Simi-
lar trends were seen with other behav-
ioral variables. Smoking and exercise
were more strongly related to fruit in-
take compared with vegetables. In-
takes of protein, cereal fiber, transfatty
acids, saturated fat, polyunsaturated fat,

ing fruit and vegetable intake.
Median intakes of total fruits and veg-
etablesin 1986 were 5.8 servings per day

 for women (2.9 and 10.2 for quintiles 1

and 5, respectively) and 5.1 servings per
day for men (2.6 and 9.2 for quintiles 1
and 5, respectively) (TABLE 2). Results
from both studies individually, as well
as pooled analyses for composite fruit
and vegetable items, are presented in
Table 2. Overall fruit and vegetable
intake was inversely related to risk of
- - ischemic stroke after adjusting for poten-
*«ual confounders. Those in the top quin-

+ “wtleof intake had an RR 0f 0.69 (95% CI,

; --0.52-0.92) compared with those in the
- _Mlowest uintile; the corresponding RR
1 %was 0.74 (95% CI, 0.52-1.05) among
- = women and 0.61 (95% CI, 0.37-1.00)
' ¥among men. Assessed as a continuous
¢ trend, anincrementof 1 serving per day
" was associated with a 7% lower risk
"+ "among women and a 4% lower risk am-
-ong men; for the combined population
there was a 6% lower risk of ischemic
-stroke (P=.01, test for trend). Similar

3
3
- -fe— Tesults were seen for total fruit and for

- and cholesterol increased with increas-
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total vegetables separately. Additional
control for intakes of transfatty acids,

- saturated fat, polyunsaturated fat, or cho-

lesterol did not appreciably alter the
results. All the composite items except
legumes and potatoes were inversely
associated with risk of ischemic stroke.

Thelowest risks were observed for high
consumption of cruciferous vegetables
(eg, broccoli, cabbage, cauliflower, brus-
sel sprouts), green leafy vegetables, cit-

rus fruits, and vitamin C—rich fruitand -

vegetables. The results were similaracross
both cohorts, especially the measures of
trend. Again, additonal analyses incor-
porating nutrients that may be potential
confounders including protein, cereal fi-
ber, saturated fat, transfatty acids, poly-
unsaturated fatand cholesterol intake, or
meat intake did not change the results.
For example, when meat intake was
added to the model, the RR fora 1 serv-
ing per day increment of total fruits and
vegetables changed from 0.94 (95% CI,
0.90-0.99) t0 0.95 (95% CI, 0.90-0.99);
addition of transfatty acid quintiles re-
sultedinan RR0f0.94 (95% CI1,0.90-1.0).
When we examined total stroke as the
outcome, an increment of 1 serving per
day of total fruits and vegetables was
associated with a 3% lower risk among
womenand a 5% lower riskamong men;
the multivariate pooled RR was 0.96 (95%
Cl1,0.93-1.00). Results for specific fruits
and vegetables were in the same direction
as for ischemic stroke or null.

The FIGURE shows the multivariate
RRs and 95% ClIs for ischemic stroke
computed for increasing servings per
day of intake of fruit and vegétables
(pooled for the NHS and the HPFS),
suggesting a decreasing risk of ische-
mic stroke with increasing intake. There
was no apparent further reduction in
risk beyond 6 servings per day.

Supplementusers consumed more fruit
and vegetables than nonusers (6.08 serv-
ings per day vs 5.64 servings per day
among womenand 5.40 servings per day
vs 4.94 servings per day among men).
Similarly, nonsmokers consumed more
fruitand vegetables than current smok-
ers (6.00 servings per day vs 5.10 serv-
ingsper dayamong womenand 5.21 serv-
ings per day vs 4.21 servings per day

Figure. Total Fruit and Vegetable intake and
Risk of Ischemic Stroke

1.27

o]

JUT

0.44 .7

RR and 95% Cl

0.24

<3 339 443 559 679 28
Fruit and Vegetable Intake (Servings per Day)

Pooled multivariate relative risks (RRs) of ischemic
stroke with 95% confidence intervais (Cls) for men
and women for increasing intake of total fruits and
vegetables. Data are for men and women combined,
contralled for the same factors as in Table 2, with none
to less than 3 servings per day as the comparison group.

among men). Pooled RRs for an incre-
ment of 1 serving per day (linear trend)
by multivitamin supplement use ornon-
use and by smoking status are present-
ed in TABLE 3. The inverse associations
between consumption of fruits, citrus
fruit, and cruciferous vegetables and risk
of ischemic stroke were somewhat stron-
ger in the nonsupplement group com-
pared with the supplement user group.
Although the associations were somewhat
weaker and not statistically significant
among multiple vitamin users, thenum-
ber of cases was smaller and the Cls in-
cluded substantial reductions in risk. No
striking differences in associations were
seen by smoking status, although the ap-
parent protective effects appeared to be
slightly stronger among current smok-
ers than among past and never smokers.
The Clsindicate that interactions between
intake of fruitand vegetables and smok-
ing (or supplement use) or ischemic
stroke are not significant.

Analyses of individual fruit and veg-
etable items that constituted the com-
posite items did not show any single
fruit or vegetable that was strikingly

JAMA, October 6, 1999—Vol 282, No. 13 1237
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more protective than others. Most items
showed null or inverse associations. In
general, the findings were consistent
with what may be expected from the
composite analyses (data not shown).

COMMENT

Overall, these findings support a pro-
tective effect between consumption of
fruits and vegetables against risk of is-
chemic stroke in both women and men.
Fruit and vegetables—in particular cru-
ciferous and green leafy vegetables, cit-
rus fruits, and citrus fruit juices—
were inversely associated with risk of
ischemic stroke in both cohorts. Fruit
and vegetable intake was associated
with behavioral risk factors such as
smoking and exercise. However, ad-
justment for behavioral and other risk

factors, including nutrients that were

suspected to be confounders, did not
explain the apparent benefits of higher
fruit and vegetable consumption, al-
though adjustments for these factors did
attenuate the observed associations.
These cohorts of heaith profession-
als tended to have healthier lifestyles than
the general population; for example, the

median intake of fruitand vegetablesin
these cohorts was over the recommended
5 servings per day.’** The existence of
adose-response relationship within these
groups, which are relatively homogenous
in occupation and education, is particu-
larlynotable, as confounding by variables
related to socioeconomic status is mini-
mized. We found that intake beyond 6
servings per day provided little further
reducuonmnsk of ischemic stroke com-
pared with intake of 5 to 6 servings per
day. These findings lend support to the
recommendation of eating 5 servings per
day of fruit and vegetables. For specific
fruits and vegetables, the RRs foran in-
crement of 1 serving per day should be
interpreted in light of the consumption
level. For example, the intake of legumes
was very low, with only 0.5 servings per
day as the median intake in the highest
quintile (Tables 2 and 3); hence, ourabil-
ity tostudy the effect of higher consump-
tion was limited.

Our results are similar to a study of
832 men from the Framingham co-
hort. The RR of 0.94 in our study foran
increment of 1 serving per day trans-
lates to a decremental risk of 0.83 for 3

S O S S S
Table 3. Multivariate Relative Risks (RRs) and 95% Confidence Intervals (Clsj for Ischemic
Stroke for 1 Serving per Day by Multivitamin Use and Smoking Status*

No Vitamin Multivitamin ‘Never and ' CUn-eht ‘
Supplement Supplement Past Smokers Smokers
{n = 295) (n = 216) (n = 388) (n=172)
Al fruits and 0.93(0.87-0.99) 0.98{0.91-1.05 0.96(0.91-1.02) 0.93(0.78-1.10)
vegetables
All fruits 0.90(0.76-1.05) 0.96 (0.84-1.09) 0.94(0.85-1.08) 0.86(0.70-1.06)
All vegetables 0.91{0.81-1,03) 0.96(0.85-1.08) 0.97(0.89-1.06)  0.86(0.74-1.02)
Total citrus fruits 077 (0.62-097) 0.86(0.61-1.23) 0.88(0.74-1.05) 0.88{0.48-1.63)
Citrus fruit juices 0.72(0.53-0.97) 0.90(0.63-1.26) 0.78(0.60-1.01)  0.70(0.47-1.04)
Cruciferous vegetables  0.55(0.34-0.91) 0.87(0.52-1.43)  0.66(0.45-0.98) 0.57 (0.28-1.16)
Green leafy vegetables  0.78{(0.56-1.09) 0.81(0.56-1.17) 0.74{0.56-0.98) 091 {0.58-1.43)
Vitamin Crich fruits 0.83(0.66-1.04) 0.89(0.74-1.08) 0.88(0.77-1.01)  0.73(0.58-0.93)
and vegetables
Legumes 1.40 (0.48-4.09) 0.85(0.36-1.98) '1.05(0.56-1.98) 1.58(0.58-4.29)
Potatoss 1.18(0.72-1.94) 1.12(0.68-1.85) 1.17(0.80-1.70) 1.35(0.79-2.31)
Women
Person-years 324 869 196788 449006 1290324
Cases 214 122 226 139
Men
Person-years 78171 69397 144125 15903
Cases 81 94 162 33

*Adjustad for age (S-year categories), smoking (never, former, current: 1-14, 15-24, 225 cigarettes per dayj, alcohol
(7 categories in men, 5 categories in women), family history of myocardial mfarcuon {age <60y inmen and age <65
y in women), body mass index {quintiles), vitarnin supplement use, vitamin E use, physicat activity, aspirin use, 7 time
periods for women, 4 time periods for men, hypertension and hypercholesterolemia, total energy intake, and among
women, postmenopausal hormone use.
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servings per day, which is reasonably
comparable with the RR of 0.75 for is-
chemic stroke (95% Cl, 0.55-1.03) for
an increment of 3 servings per day of
fruit and vegetables (including pota-
toes)? in the Framingham study. No as-

sociation between green and yellow veg- e

etables and total stroke was observed

among a 16-year follow-up of 265118

Japanese people,?? but the study re-

ported on total strokes and the major-
ity of strokes in Japap at that time were .:
likely to be hemorrhagic. Ina 5-yearfol- .’}

low-up® o0f 1299 Massachusetts nurs-

ing home residents, the RR for stroke

was 0.40 for carrots (95% CI, 0.17-

0.98) and 0.49 for salads (95% CI,0.31-

0.71), comparing 1 or more vs less than
1 serving per day, which is stronger than

comparable associations in our study.. ,

The constituents of fruits and veg;
etables potentially responsible for their
apparent beneficial effects on risk of is-
chemic stroke include potassium, fo-
late, and fiber; the associations bes
tween ischemic stroke anﬁ thesz
nutrients have been evaluated in o
reports.®%" Dietary flavonoids (which
are present in fruits and vegetables) have

also been recently related to decreased
risk of ischemic stroke.? There is little
evidence relating dietary fiber to stroke.

The evidence for potassium is limited
and most studies were based on a 24-
hour recall, which may not be able 1o ad-
just for other foods and nutrients that’
could explain the inverse associations re-

ported.*** However, in a reent repoit

ey

based on the same cohort.of 1 mm ]
cluded in these analyses,®a :

s 5

mverseassocxauonwasseéﬁ‘(ﬁdfﬂ'vat%{i
iate RR, 0.62; 95% CI, 0.43-088°0m . ;-

paring the top and bottom Giinile of pa
‘tassium intake). The evidence for folate

is largely indirect through its effecton . ° %,
“homocysteine,?® although in the

Framingham Heart Study, an associa-
tion was observed between low serum
concentrations and low intakes of fo-
late and increased risk of extracranial ca-
rotid artery stenosis.”” Hence, the evi-
dence for a protective role of any single
constituent of fruits and vegetables is
suggestive but inconclusive, and it is im-

=3

L3

W P

portant to consider the role of fruitsand -

B

o



1ably vegetables foods in themselves. Slightly
or is- stronger protective associations were
) for seen in the nonusers of supplements,
ay of ~suggesting that constituents of multi-
sota- vitamins may contribute to the appar-
loas- ent protective effect of fruits and veg-
*veg- etables. There was no clear modification
rved of the relation of fruit and vegetable con-
5118 sumption to risk of ischemic stroke by

smoking, but current smokers may gain
a slightly greater benefit from eating

FRUIT AND VEGETABLE INTAKE AND ISCHEMIC STROKE

more fruits and vegetables than never or
past smokers.

These data support a protective ef-
fect of higher consumption of fruits and
vegetables—in particular cruciferous
and green leafy vegetables, citrus fruits,
and citrus juice-—against risk of ische-
mic stroke. Qur results provide fur-
ther support for the recommendation
to consume at least 5 servings of fruits
and vegetables a day.
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Protective Effect of Fruits

and Vegetables on Development

of Stroke in Men

Matthew W. Gillman, MD; L. Adrienne Cupples, PhD; David Gagnon, MD; Barbara Millen Posner, DrPH;

R. Curtis Eliison, MD; William P. Castelli, MD; Philip A. Wolf, MD

Objective.—To examine the effect of fruit and vegetable intake on risk of stroke
among middle-aged men over 20 years of follow-up.

Design.—Cohort,

Setting.—The Framingham Study, a population-based longitudinal study.

Participants.—All 832 men, aged 45 through 65 years, who were free of cardio-
vascular disease at baseline (1966 through 19689).

Measurements and Data Analysis.—The diet of each subject was assessed
at baseline by a single 24-hour recall. The estimated total number of servings per
day of fruits and vegetables was the exposure variable for this analysis. Using
Kaplan-Meier survival analysis, we examined age-adjusted cumulative incidence
of stroke by quintile of servings per day. To adjust for multiple covariates, we used
proportional hazards regression to caiculate the relative risk (RR) of stroke for each
increment of three servings per day.

Main Outcome Measure.—incidence of completed strokes and transient
ischemic attacks.

Resuits.—At baseline, the mean (=SD) number of fruit and vegetable servings
per day was 5.1 (=2.8). During follow-up there were 97 incident strokes, including
73 completed strokes and 24 transient ischemic attacks. Age-adjusted risk of stroke
decreased across increasing quintile of servings per day (log rank P for trend, .01).
Age-adjusted RR for all stroke, including transient ischemic attack, was 0.78 (95%
confidence interval [CI], 0.62 to 0.98) for each increase of three servings per day.
For completed stroke the RR was 0.74 (95% Cl, 0.57 to 0.96); for completed stroke
of ischemic origin the RR was 0.76 (95% Cl, 0.57 to 1.02); and for completed stroke
of hemorrhagic origin, 0.49 (95% Cl, 0.25 to 0.95). Adjustment for body mass index,
cigarette smoking, giucose intolerance, physical activity, blood pressure, serum cho-
lesterol, and intake of energy, ethanol, and fat did not materially change the resuits.

Conclusion.—Intake of fruits and vegetables may protect against development
of stroke in men.

(JAMA. 1995;273:1113-1117)

ALTHOUGH stroke mortality rates
have decreased in the past several de-
cades, cerebrovascular disease remains
the third leading cause of death in the
United States.! Acute and long-term care
for stroke patients and lost productivity
consume at least $20. billion annually,
and many of the more than 3 million US
stroke victims who are alive today suf-
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fer severe disability.! Because of this
substantial morbidity and mortality and
the lack of effective therapies, several
authors have stressed the potential value
of primary prevention.®*

Data from international epidemiologic
comparisons suggest that immigrants
rapidly take on the stroke incidence rates
of their adopted country.’ Thus, environ-
mental factors, including diet, may be
important in the genesis of stroke and in
the potential to prevent its occurrence.
Despite this, there have been few stud-
ies concerning possible dietary determi-
nants of stroke. In addition, most of these
studies have focused on selected nutri-
ents rather than on foods themselves.
For example, Gey et al® demonstrated an
increased risk of stroke among Swiss men
with low plasma carotene and vitamin C

dietary antioxidant vitamins,

data from the Nurses’ Health Study agree
with these findings.” Khaw and Barrett-
Connor® reported an inverse association
of potassium intake, irrespective of hy-
pertensive status, with stroke mortality
in a population-based cohort study in
southern California. Some studies have
also suggested a protective role for both

levels, suggesting a protective role for
Prelim

dietary fat and protein*? Ethanol in-

take appears to increase the risk forhem-
orrhagie, but not ischemic, stroke.’**
Nutritional advice is often easier to
understand in the context of foods rather
than the nutrients contained in foods.
Therefore, linking foods or food groups
to cutcomes may be at least as important
as nutrient-disease relationships. Fruits
and vegetables are of particular interest
because of their potassium and antioxi-'

dant content!” and because of national

programs aimed at increasing intake of
these foods.'® One ecological study sug-
gested an inverse association between
fruit and vegetable consumption and
stroke,'® and another related higher con-
sumption of fruits and vegetables witha
decrease in mortality from all cardiovas-
cular diseases.?® However, longitudinal
epidemiologic data concerning this sub-
jeet are scarce. Preliminary data from
one study suggested a reduced risk of
stroke with consumption of larger
amounts of fruits and vegetables,” but
the data were limited to women. The
purpose of this study was to examine the
effect of fruit and vegetable consump-
tion on stroke incidence over 20 years of
follow-up among middle-aged men par-
ticipating in the Framingham Study. -
METHODS

The Framingham Study, which began
in 1948, is a longitudinal study of cardi¢-
vascular and other diseases and theirFisk
factors. The original cohort consisted of
5209 men and women, and they have been
examined biennially since the study’s in-
ception. Fewer than 2% of the original
participants have been lost to follow-up
for mortality end points. Further details
of recruitment, examination procedures,
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and follow-up can be found elsewhere.®

From 1966 through 1969, all 865 men
aged 45 through 65 years who were seen
at examinations 9, 10, and 11 participated
in assessment of dietary intake. Women’s

diets were not assessed. The method of -

assessment was designed to be compa-
fable to protocols then in use in the Ho-
nolulu and Puerto Rico heart studies.?%
Trained interviewers elicited information
on the individual’s previous 24-hour in-
take. Household measures were used to
determine food portion sizes. After com-
pleting the interview, study personnel
tallied subjects’ responses on a precoded
food list (the Framingham Composite
Table), using standardized protocols that
have previously been described in detail ®
Briefly, each food reported on the 24-
hour recall, including the individual com-
ponents of mixed dishes, was categorized
into one of about 100 food items. Catego-
rization was based on similarities in the
energy content and macronutrient com-
position of foods. Estimates of macronu-
trient intake were calculated by hand,
based on estimates of the nutrient com-
position of foods that were available at
that time.® The dietary data set currently
available for analysis contains subjects’
estimated daily intake of the approx-
mately 100 foods or food groups from the
Framingham Composite Table, measured
in number of servings (serving size is
specified for each food). Also available
are values for macronutrients in both
grams and percentage of total energy.
No estimates for micronutrients are avail-
able. These dietary data have been used
previously to explore relationships be-
tween dietary lipids and development of
coronary heart disease. 2

For these analyses, we concentrated
on the food groups that comprised fruits
and vegetables® In the three groups of
fruits, a serving size was defined as 120
mL (3 cup). The first group was watery
fruit, consisting of fruits for which a single
serving contained no more than 59 keal
(2478 kJ). Examples were peaches,
grapes, oranges, and orange juice. Av-
erage fruits were those containing 60 to
89 keal (252.0 to 373.8 kJ) per serving;
examples were apples, bananas, and apple
juice. The third category was sweet fruit,
with at least 90 kcal (378.0 kJ) per serv-
ing. These included canned and frozen
fruits. There were 10 categories of veg-
etables, with varying serving sizes. Roots
and fruits (serving size 120 mL)included,
among others, beets, onions, and winter
squash. Examples of raw and green veg-
etables (120 mL) included lettuce, cu-
cumbers, green peppers, and raw toma-
toes. Cooked leafy vegetables (120 mL)
included such items as broecoli, carrots,
summer squash, and cooked tomatoes.
The remaining categories and their serv-
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ing sizes were as follows: tomato sauce
(60 mL), peas and lima beans (120 mL),
baked beans (120 mL), corn (120 mL),
potatoes (one), sweet potatoes (one), and
potato chips (28 g [1 oz)).

At the baseline examination (1966
through 1969), 16 men had had previous
strokes and another 17 men had other
forms of cardiovascular disease. The cur-
rent analyses are based on the 832 men
who were free of cardiovascular disease
at that time. For this analysis subjects
were followed up through examination
20, for 18 to 22 years of follow-up on
each subject.

At the time of each follow-up visit the
examining physician recorded newly de-
veloped cardiovascular disease, cancer,
and other events. Information about end
points was also obtained by surveillance
of hospital admissions records and com-
munication with family physicians and
relatives. All cardiovascular events, in-
cluding stroke, were reviewed by a panel
aof three physician investigators who used
a set of established criteria.Z For stroke
outcomes, this panel included at least two
experienced neurologists. Minimal crite-
ria for stroke consisted of abrupt onset of

a localizing neurological deficit. Stroke

was further categorized into ischemic,
including atherothrombotic brain infare-
tion and embolus, or hemorrhagic, in-
cluding subarachnoid and intracerebral.
This categorization was initially based
on clinical and cerebrospinal fluid find-
ings and, since the late 1970s, on findings
of computed tomography as well. Tran-
sient ischemie attack (TIA) was desig-
nated when a history of a focal neuro-
logical deficit was documented to persist
for less than 24 hours. For this analysis
TIA was considered an incident event;
thus, those subjects who had TIA were
no longer at risk for completed stroke.
All covariate measurements were per-
formed at the time of the dietary assess-
ment except for 142 measures of giucose
intolerance and 148 measures of serum
cholesterol level that were performed at
the ninth examination in subjects whose
dietary assessment was at the 10th ex-
amination, Serum total cholesterol was
measured by the method of Abell et al.®
Systolic blood pressure was taken as the
first of two measurements made by the
examining physician using a standard

mercury sphygmomanometer. Glucose .

intolerance, a dichotomous variable, was
considered present if the patient had a
diagnosis of diabetes mellitus, exhibited
glycosuria at the baseline examination, or
had a baseline blood glucose level exceed-
ing 6.66 mmol/L (120.0 mg/dL). Left ven-
tricular hypertrophy, determined electro-

cardiographically, was coded as none, bor- |

derline, or definite. Cigarette smoking was
the self-reported number of cigarettes

smoked per day. Body mass index was
calculated as weight in kilograms divided
by the square of height in meters (kg/m?).
The physical activity index was based on
a weighted average of the self-reported
numnber of hours spent in the following
types of activities: rest, sedentary, light,
moderate, and heavy.

‘We defined the exposure variable to be
the total number of daily servings of fruits
and vegetables. We pursued three ana-
lytic strategies. First, we calculated 20-
year age-adjusted cumulative incidence
rates by quintile of servings, along with P
values for trend by the Mantel-Haenszel
method. Second, we calculated Kaplan- -
Meier survival curves to examine age-
adjusted 20-year incidence rates by quin-
tile of servings. We used the stratified log
rank test to examine trends over quin-
tiles, and we adjusted for age by direct
standardization at each time point, using
theage distribution at entryinto the study.

To adjust for multiple covariates, we
used Cox proportional hazards analysis
to obtain relative risks (RRs) and 95%
confidence intervals (CIs) of stroke for
each increment of three servings. The
proportional hazards assumption was
found to be appropriate for these data.
Because blood pressure or serum choles-
terol level might be an intermediate in
the biological pathway, we determined
the change in the main effect of adding
each of these variables singly to the model.
Because these single additions did not
alterthe RRs, we included them together
with other covariates in the muitivariate
models that we present. We also exam-
ined the effect of fruits independent of
that of vegetables in separate multivar-
iate models. To adjust for energy intake,
we first regressed the exposure variable
on total energy and then used the re-
sidual in the multivariate model.®

RESULTS

At baseline the mean (+SD) age of the
832 men was 55.8 (+4.6) years. The mean
(+8D) total number of daily servings of

i_

e - . ——a 4ot A

fruits and vegetables (“servings”) was_.

5.1 (£2.8), and mean total energy intake _
was 2613 (£719) keal (10975 {30201 kJ).
Table 1 shows characteristics.of the sub- ~
jects by quintile of servings. The number
of subjects in each quintile. varies be-
cause the exposure variable servings
could take only integer values. There was
little evidence for a strong association
between any of these variables and in-
take of fruits and vegetables, except for
cigarette smoking, which was inversely
related to fruit and vegetable intake, and
energy intake, which was directly related.
During the 20-year follow-up period
there were 97 incident cerebrovascular
events, of which 24 were categorized as
TIAs and 73 as completed strokes. Of the
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. Table 1.—~Baseline Characteristics of Subjects by Quintile of Fruit and VegeiéKTd Intake*

" Quintite
I
1 2 3 4 5 P for

Baseline Characteristic {n=144) {n=225) (n=135) {n=180) (n=148) Trend
Fruit and vegetable intake,

servings per day,

range (mean) 0-2 (1.3 3-4 (3.6) 5 6-7 (6.4) 8-19(9.6)

Mean

Age, ¥ 55.5 55.6 55.8 56.3 56.1 .04
Systofic biood pressure,

mm Hg -136.6 134.9 138.4 136.2 136.8 29
Serum cholesteral,

mmol/L (mg/dl) 5.80 (222.7) 5.90 (228.4) 5.80(224.1) 5.70(2194) 575(2222) 10
Physical activity index 34.9 35.0 36.0 36.3 34.8 50
Body mass index, kg/m? 26.5 26.8 26.9 26.6 217 04
No. of cigarettes

smoked per day 13.9 10.3 10.4 8.6 8.0 <.001
Energy intake, keal (kJ) 2373 (9967) 2508 (10534) 2635 (11067) 2742 (11516) 2831 (11880) <.001
Ethanol intake, mL per week 195 156 186 183 177 96
Fat intake, % anergy 38.5 40.7 38.4 39.2 37.3 .02
Protein intake, % energy 15.7 15.8 15.6 15.8 15.8 .99

No. (%) of Subjects

Glucose intolerance 13 (9.0) 33 (14.7) 14 (10.4) 24 (13.3) 14 (9.5) .84
Bordertine or definite LVHt 4{2.8) 7(3.1) 5.7 4(2.2) 3(2.0) .88

*Data from 832 men, aged 45 through 65 years, from the Framingham Study.
+LVH indicates electrocardiographic left ventricular hypertrophy.

Table 2.—Age-Adjusted Stroke Cumulative Incidence Rates per 1000 Subjects, by Quintile of Fruit and

Vegetable intake*

Type of Stroke (No. of Events)

f
All, Including Transient

Completed ischemic Hemorrhagic
Quintile Ischemic Attack (97) (73) (61) (14)
1 191.7 148.9 121.3 424
2 100.9 84.2 66.2 18.0
3 121.8 831 67.4 16.3
4 107.7 63.8 63.8 0
5 78.7 63.7 51.4 12.3
P for trend 01 .01 05 .02

*Twenty-year follow-up data from 832 men, aged 45 through 65 years at baseline, from the Framingham Study.

completed strokes, 61 were ischemic and
14 hemorrhagic (two subjects had both
types). Table 2 shows age-adjusted cu-
mulative incidence rates per 1000 sub-
Jjects by type of stroke, according to fruit
and vegetable intake. For all stroke (in-
cluding TIA) and for completed stroke,
both ischemic and hemorrhagie, there was
a substantial decrease in risk with in-
creasing quintile of fruit and vegetable
servings.

Age-adjusted cumulative incidence for
all stroke (including TIA), calculated by
using Kaplan-Meier survival analysis, is
shown in the Figure. There was a sub-
stantial trend of protection against stroke
from lowest (first quintile) to highest (fifth
quintile) fruit and vegetable intake (log
rank P for trend, .01). We observed the
same trend of protection across quintiles
for completed stroke (log rank Pfor trend,
.009; data not shown). .

The Cox proportional hazards results
appear in Table 3. For each increment of
three daily servings of fruits and veg-
etables, there was a 22% decrease in the
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risk of all stroke, including TIA (age-
adjusted RR, 0.78; 95% CI, 0.62 to 0.98).
Relative risks for completed stroke and
for completed stroke of ischemic origin
were similar (RR, 0.74; 95% CI, 0.57 to
0.96; and RR, 0.76; 95% CI, 0.57 to 1.02,
respectively). The RR for hemorrhagic
stroke was 0.49, but with few events, the
95% CI was wide (0.25 to 0.95).

Except for hemorrhagic stroke, adjust-
ment for covariates made little difference
in the estimated amount of protection af-
forded by increasing servings. For ex-
ample, for all stroke, adjustment for ciga-
rette smoking, glucose intolerance, body
mass index, left ventricular hypertrophy,
physical activity index, serum cholesterol
level, systolic blood pressure, and intake
of total energy, ethanol, and fat in addi-
tion to age did not materially alter the
effect estimate (RR adjusted for all co-

variates, 0.77; 95% CI, 0.60 to 0.98). We'

observed the same pattern of little change
in overall effect with multivariate adjust-
ment for completed stroke, including those
of ischeimic origin (Table 3).

Inferences about hemorrhagie stroke
were limited by the small number of
events, but in contrast to the results for
ischemic stroke, adjustment for muitiple
covariates did moderate the protective
effect (multivariate RR, 0.64; 95% CI,
0.31 to 1.30). None of the difference be-
tween the age-adjusted and multivari-
ate RRs for hemorrhagic stroke, how-
ever, was due to adjustment for systolic
blood pressure. This reflects the fact
that although systolic blood pressure is
astrong predictor of hemorrhagicstroke,
it was not related to fruit and vegetable
consumption in our data (Table 1).

We also examined the effect of fruits
separate from that of vegetables. The
mean number of servings of fruit per day
was 1.8, and the mean number of veg-
etable servings wis 3.3. The multivari-
ate RR of all stroke for an increment of
three dailyservings of fruit was 0.81 (95%
CI, 0.56 to 1.19). For vegetables, the cor-
responding RR was 0.74 (95% CI, 0.54 to
1.02). The numbers of servings of specific
fruit and vegetable categories were too
small to assess their individual effects.

The resuits presented herein concern
stroke incidence. We also observed a
reduced risk for stroke mortality, but
there were only 14 cases of death due to
stroke. For each increment of three daily
servings of fruits and vegetables per
day, the age-adjusted RR was 0.55 (95%
CI, 0.29 to 1.05). Adjustment for mul-
tiple covariates moderated the effect es-
timate slightly (multivariate RR, 0.62;
95% CI, 0.30 to 1.28).

COMMENT

In this 20-year follow-up study of
middle-aged men from the Framingham
Study, we observed an inverse associa-
tion between fruit and vegetable intake
and the development of stroke. For each
increment of three servings. per day,
there was a 22% decrease in the risk of
all stroke. We observed similar results
for both ischemic and hemorrhagic
stroke, although the CIs were wide for
hemorrhagic stroke because of the small
number of events, The findings were
not substantially altered by adjustment
for several covariates, including blood
pressure, serum cholesterol level, other
cardiovascular risk factors, and intake
of total energy, ethanol, and fat.

We considered two alternative hypoth-
eses for a causal association for our find-
ings. The first is that an increase in fruit
and vegetable intake was associated with
adecrease in some other harmful dietary
constituent. The question arises, how-
ever, as to the identity of that constitu-
ent. Although incréased fat intake may
be associated with coronary heart dis-
ease, some human and animal studies of
dietary fat and stroke suggest aninverse

Effect of Diet on Stroke in Men—Gillmanetal 1115




Cumulative %

Twenty-year follow-up data from 832 men from the Framingham Study, aged 45 through 65 years at base-
line, demonstrating cumulative incidence of all stroke, including transient ischemic attack, by quintile of fruit
and vegetable intake, as calculated by age-adjusted Kaplan-Meier anaiysis. First quintile is the lowest in-
take, fifth quintile the highest. Log rank P for trend across quintiles, .01.

Table 3.—Relative Risk of Stroke for Each increment of Three Servings per Day of Fruits and Vegetables

o s e et

as Determined by Cox Proportional Hazards Analysis*

Adjusted for

I 1
Age Oniy . All Covariatest
I T 1
% 95%
Type of Stroks Relative Risk Confidencs interval Relative Risk Confidence Interval
All, including transient
ischemic attack Q.78 0.62-0.98 Q.77 0.60-0.98
Completed 0.74 0.57-0.96 . 0.75 0.57-1.00
Ischemic 0.76 0.57-1.02 0.75 ~ 0.55-1.03
Hemorrhagic 0.49 0.25-0.95 ) .. 064 _ 031130

*Twenty-year follow-up data from 832 men, aged 45 through 65 years at bassline, from the Framingham Study.

1Systolic blood pressure, serum cholesterol, cigarette smoking, giucose intoierance, body mass index. physical
activity index, left ventricular hypertrophy, energy intake, and consumption of ethano! and fat.

association.™™3! Even so, we adjusted
for fat intake in our multivariate model
and observed no change in the overall
effect estimate. Intake of ethanol may be
a risk factor only for hemorrhagic, not
ischemie, stroke,’*'® and was not a con-
founder of the protective effect of fruits
and vegetables in our data. Dietary so-
dium may confer risk for stroke through
its association with elevated blood pres-
sure,® but adjustment for systolic blood
pressure did not alter our main findings.
Thus, it is difficult to implicate compet-
ing deleterious dietary factors to explain
our findings.

A second possibility may be termed a
healthy lifestyle bias. In this scenario,
people who eat more fruits and vegetables
have other healthy habits that protect
them from developing a stroke. This type
of biag, a potential problem in many ob-
servational studies of diet and disease,®
is difficult to exciude. However, adjust-
ment for body mass index, cigarette
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smoking, and physical activity—lifestyle
variables”—did not alter our results.
If intake of fruits and vegetables truly
protects against the risk of stroke, what
is the mechanism? One possibility con-
cerns blood pressure, a major determi-
nant of stroke risk.! Previous studies have
shown that a vegetarian diet is associ-
ated with lower blood pressure* and some
studies have indicated that dietary fiber,
a constituent of many fruits and veg-
etables, may also lower blood pressure.®
In our study, although systolic blood pres-
sure was a strong predictor of stroke in-
cidence, it was not related to intake of
fruits and vegetables (Table 1). Thus, the
addition of systolic blood pressure to the
multivariate model did not alter the RR
estimates. This finding argues against the
intermediate role of blood pressure, but
these data are limited by the fact that
only a single measurement of blood pres-
sure was used. Further, in the 8% of sub-
jects who were taking antihypertensive

" medications, mean intake of fruits and

vegetables was not different from intake
in the other 92% of subjects. Therefore,
treatment for hypertension was not a.con-
founding factor.

It is less likely that any beneficial ef-
fect of fruits and vegetables is mediated
through effects on serum cholesterol
First, although dietary soluble fiber may
lower serum cholesterol concentration,
the magnitude of its effect is probably
small® and there is little evidence that
there are other cholesterol-lowering con-
stituents of fruits and vegetables. Sec-
ond, serum cholesterol is a relatively mi-
nor risk factor for stroke. Although se-
rum cholesterol is a major determinant of
atherosclerosis, only about 10% of strokes
are related to large-vessel disease® In
epidemiologic studies, serum cholesterol
levelis variably related to stroke, although
studies that separate types of stroke tend
to demonstrate a direct association with
ischemic stroke (and an inverse relation-
ship with hemorrhagic stroke).® Further,
arecent meta-analysis of cholesterol-low-
ering trials showed no beneficial effect on
stroke mortality.® In our data, adjust-
ment for serum cholesterol did not alter

‘the overall findings, confirming skepti-

cism of its role in the biological pathway.
One leading possibility to explain the
protective effect we observed is dietary

potassium, which is contained in many ™

fruits and vegetables. Although increased
potassium intake may lower blood pres-
sure, animal studies indicate that dietary
potassium may decrease the risk of stroke
independent of its effects on blood pres-
sure level.® Antioxidant vitamins are an-
other potential mediator of the beneficial
effects of fruits and vegetables. How-
ever, one of the main benefits of antioxi-
dant vitamins is their effect on athero-
sclerosis, chiefly through reduction of the
amount of oxidized low-density lipopro-
tein available to be incorporated into le-
sions.® This hypothesis may apply more
to coronary heart disease than to stroke,
the majority of which is not associated
with large-vessel atherosclerosis. In our
data, intake of fruits and vegetables was
not associated with risk of coronary heart
disease (data not shown). One other pos-
sibly beneficial nutrient contained in fruits
and vegetables is folate. There have been
several recent studies relating plasma
homocysteine levels with risk of stroke
and coronary heart disease.* Dietary
folate is a determinant of plasma homo-
cysteine level® A reduction in stroke
risk is therefore possible if fruit and veg-
etable intake, through provision of ad-
equate dietary folate, moderates plasma
homocysteine levels.

In our analyses that examined the ef-
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The protection afforded from vegetables,
however, appeared somewhat greater
than that from fruits. We could not draw
conclusions concerning specific varieties
of vegetables because of the small amount
of each type consumed. The data set in
use in the mid 1960s, when the dietary
assessment for this study was done, con-

-tains no information about micronutrients.

Therefore, we were unable to examine
directly the effects of dietary sodium, po-
tassium, antioxidants, and folate. Also, the
data set in use for this study did not sepa-
rate the food groups into distinet catego-
ries—such as cruciferous vegetables or
citrus fruits—now thought to contain po-
tentially beneficial nutrients. Although
these considerations hampered our abil-
ity to examine the biological pathways
involved, they do not diminish the poten-
tial recommendations to the public to in-
crease intake of fruits and vegetables.?
This study has several attributes that
lend confidence to its results. The first is
a relatively long follow-up period, allow-
ing for accrual of a considerable number
of outcome events. In addition, a detailed
clinical assessment of each stroke out-
come was made by a panel of experienced
neurologist-investigators. Further, we ob-
tained direct information on a large num-
ber of potentially confounding variables.
A limitation of our study was that the
dietary assessment was by means of a
single 24-hour recall, and thus individu-
als’ usual intakes were undoubtedly es-
timated with poor precision. The impli-
cation of this, however, is that use of a
more precise assessment method would
have revealed astronger association. Also,
the dietary assessment was limited to

middle-aged men, but preliminary data.

from a similar follow-up study in women
indicate that the protective effect of fruits
and vegetables may not be sex specific.”
In conclusion, intake of fruits and veg-
etables appears to protect against the
risk of stroke in men. In this study, the
association was present for both ischemic
and hemorrhagic strokes, and the pro-
tective effect was apparently not medi-
ated through effects on blood pressure.
These results provide support to pro-
grams aimed at widespread increases in
the consumption of fruits and vegetables.
If successful, such programs may have
beneficial effects on the incidence of stroke
as well as other chronic diseases that con-
stitute the leading causes of morbidity
and mortality in Western societies.*’
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Intake of Potassium, Magnesium, Calcium, and Fiber and
Risk of Stroke Among US Men

A. Ascherio, MD, DrPH; E.B. Rimm. ScD; M.A. Herndn, MD, MPH: E.L. Giovannucci, MD, ScD;
I. Kawachi, MD, DrPH; M.]. Stampfer, MD, DrPH; W.C. Willett, MD, DrPH

Background—Animal experiments and epidemiological studies have suggested that high potassium intake may reduce the
risk of stroke, but the evidence is inconclusive, and the role of other nutrients in potassium-rich foods remains unknown,

Methods and Results—We examined the association of potassium and related nutrients with risk of stroke among 43 738
US men, 40 to 75 years old, without diagnosed cardiovascular diseases or diabetes, who completed-a semiquantitative
food frequency questionnaire in 1986. During 8 vears of follow-up, 328 strokes (210 ischemic. 70 hemorrhagic, 48
unspecified) were documented. The muitivariate relative risk of stroke of any type for men in the top fifth of potassium -
intake (median intake, 4.3 g/d) versus those in the bottom (median, 2.4 g/d) was 0.62 (95% CI, 0.43, 0.88; P for
trend=0.007). Resuits for ischemic stroke alone were similar. Intakes of cereal fiber and magnesium. but not of calcium,
were also inversely associated with risk of total stroke. These inverse associations were all stronger in hypertensive than
normotensive men and were not materially altered by adjustment for blood pressure levels. Use of potassium
supplements was also inversely related to risk of stroke, particularly among men taking diuretics (relative risk, 0.36:

95% CI, 0.18, 0.72).

Conclusions—Although these data do not prove a causai relationship, they are consistent with the hypothesis that diets rich
in potassium. magnesium. and cereal fiber reduce the risk of stroke. particularly among hypertensive men. Potassium
supplements may also be beneficial. but because of potential risks, use should be carefully monitored and restricted to
men taking potassium-losing diuretics. (Circulation. 1998;98:1198-1204.)

Key Words: stroke m potassium ® magnesium ® epidemiology m diet

A role for potassium in determining risk of stroke is
suggested by epidemiological studies'™ and animal
experiments.’ A beneficial effect of potassium intake could be
due to its hypotensive effect,*’ but this is small. and neither in
rats® nor in humans'* could it explain the reduced risk of
stroke. Other mechanisms that have been suggested include
inhibition of free radical formation.} vascular smooth muscle
proliferation.” and arterial thrombosis."

However, the overall evidence is unconvincing. Small size
and inadequate dietary assessment are among the limitations
of the previous epidemiological studies, because diet based
on a single 24-hour recall was used to predict stroke incidence
over a 12-,' 16-,? or 20-year period.* This dietary assessment
reduces the ability to adjust for consumption of other foods or
nutrients that may explain the inverse associations reported."!
To overcome this limitation, we addressed the hypothesis that
high potassium intake reduces the risk of stroke in a large
cohort of men who completed a detailed and validated
semiquantitative food frequency questionnaire at baseline and
were followed up for 8 years. In addition. we examined the
associations between risk of stroke and intakes of dietary

fiber, magnesium, and calcium, which are correlated with
intake of potassium and may be related to risk of stroke.

Methods

Population

The Heaith Professionals Follow-up Study began in 1986, when
51529 health professionals 40 to 75 years old'? completed a
131-item food-frequency questionnaire and provided information
about medical history and lifestyle. Follow-up questionnaires were
sent every 2 years to update information on potential risk factors and -
to identify newly diagnosed cases of siroke and other diseases. We
excluded from analysis 1595 men who did not satisfy the a priori
criteria of daily caloric intake between 800 and 4200 kcal and <70
blanks our of 131 total listed food items. In addition, we exciuded
men with prior diagnosis of myocardial infarction, angina, coronary
artery surgery, stroke, transient ischemic attack. peripheral arterial
disease. or diabetes. We followed up the 43 738 eligible men for
stroke incidence during the subsequent 8 years. The average re-
sponse rate for the 2-year follow-up cycles was >94%. Nonrespond-
ing participants not matched to the National Death Index werc
assumed to be alive.

Assessment of Diet and Other Exposure Variables
The 1986 questionnaire asked about average frequency of intake
during the previous year of specified portions of 131 foods and use

R
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of vitamin and mineral supplements. Nutrient calculations took into
account the specific brand of breakfast cereal and muitivitamins
reported by each subject. We also asked about use of specific
supplements of potassium and magnesium.(apart from multivita-
mins). We assumed the amount of potassium in these specific
supplements to be 1 g/d and that of magnesium 0.3 g/d, because
details on doses were not asked in the questionnaire. We assessed the
validity of the questionnaire in a random sample of 127 men who
completed two 1-week diet records.'® The correlations between the 2

assessments of intake, energy-adjusted and corrected for within-

person variation in the diet records, were 0.65 for potassium. 0.64 for
dietary fiber, 0.66 for magnesium, and 0.33 for calcium. In addition
to diet, in 1986, participants were asked to report their usuai systolic
and diastolic blood pressure and whether or not they had physician-
diagnosed hypertension. The validity of these variables has been
documented previously."

Cases

End points were fatal and nonfatal strokes occurring between the
return of the baseline questionnaire and January 31, 1994. Partici-
pants reporting an incident stroke on a follow-up questionnaire were
asked for permission to review medical records. Strokes were
confirmed if characterized by a typical neurological defect of sudden
or rapid onset. lasting =24 hours and attributable to a cerebrovas-
cular event. Strokes caused by infection or neoplasia were excluded.
Reviews were conducted by physicians with no knowledge of the
subjects’ risk factor status. Strokes were subclassified according to
the criteria of the National Survey of Stroke as due to ischemia
(embolism or thrombosis), subarachnoid hemorrhage, intracerebral
hemorrhage, or unknown cause.' If no records could be obtained,
strokes were considered probable if they required hospitalization and

were corroborated by additional information provided by letter.

or interview.

Deaths were reported by next of kin, coworkers, postal authorities,
or the National Death Index. Fatal swrokes were confirmed by
medical records or autopsy reports or were considered probabie if
these were not obtainable and stroke was listed as the underlying
cause on the death certificate.

Statistical Analysis

Participants contributed follow-up time from the return of the 1986
questionnaire up to the occurrence of a confirmed stroke. death, or
January 31, 1994. The occurrence of nonfatal cardiovascular events,
such as myocardial infarction or coronary surgery, was not a reason
for censoring. Intakes of potassium and other nutrients were energy-
adjusted to 2000 kcal/d.'® Relative risks (RR) were calculated by

dividing the incidence of stroke among men in each fifth of -

energy-adjusted potassium intake at baseline by the incidence among
men in the lowest fifth of intake. Similar calculations were done for
the other nutrients. We adjusted RRs for age (5-year categories)' and
used the Mantel extension test™ to test for linear trends. To adjust for
other risk factors, we used pooled logistic regression with 2-year
intervals. When the probability of an event within an interval is
small, this method is equivalent to a Cox proportional-hazards
analysis.'"® Multivariate models included as covariates calendar time
(2-year intervals), total energy intake (continuous variable), smoking
(current. past, and 1 to 14, 15 to 24, and =25 cigarettes/d), alcohol
consumption (<5, 5to 9, 10 1o 14, 15 10 29, and =30 g/d), history
of hypertension, history of hypercholesterolemia. parental history of
myocardial infarction before age 65 years. profession, and quintiles
of body mass index and physical activity. In these models, we
evaluated monotonic trends by using the median value of each
category and modeling this as a continuous variable. All P values are
2-sided. Covariates were not updated during the follow-up.

Results
During 323 394 person-years of follow-up, we documented
328 cases of cerebrovascular accidents (50 fatal), including
210 ischemic, 70 hemorrhagic, and 48 unclassified strokes.

-,
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TABLE 1. Age-Standardized Relation of Intake of Potassium to
Selected Variables at Baseline

Quintile of Energy-Adjusted

Potassium Intake
- 1 5
Mean potassium intake, g/d 25 ‘ 4.5
Use of potassium supplements, % 6.5 29.2
Currently smoking, % 13.5 78
Mean aicoho! consumption, g/d 15.2 8.6
History at baseline of
Hypertension, % 18.5 246
High cholesterol, % 9.0 - 12.6
Mean systolic blood pressure” 131 129
Mean diastolic blood pressure* -8 81
Mean physical activity, METS/wk 15.3 25.6
Use of aspirin, % 25 28
Mean daily intake of -
Total fat, % of energy 344 281
Saturated fat, % of energy 12.0 9.4
Protein, gfd 81 96
Cholesterol, mg/d 303 279
Dietary fiber, g/d 15 26
Magnesium, mg/d rigs 432
Sodium, 9/d 3.0 3.0
Calcium, g/d 0.7 1.1
Vitamin C, mo/d 295 617
Vitamin E, W/d 68 147
Carotene, IU/d 5978 15 677
Falic acid, png/d 364 615
Servings/d, mean '
Fish 0.27 0.52
Vegetables ’ 23 5.2
Fruit 1.4 37
Cereal products 3.2 3.2
" Red meat 12 07
Chicken 0.3 0.4
Low-fat dairy 0.4 1.6
High-fat dairy 1.4 1.0

*Based on 38 726 men, including men with history of hypertension, who
reported their systolic and diastolic blood pressure at baseline.

Men in the top fifth of potassium intake (including potassium
from supplements) were less likely to smoke, were more
physically active, and consumed less alcohol, less fat, more
protein, and more micronutrients than men in the bottom fifth
(Table 1). Similar relations were found for magnesium, fiber,
and calcium (data not shown). The age-adjusted RR of total
stroke for men in the top fifth of potassium intake compared
with those in the bottom fifth was 0.59 (Table 2). This RR
was slightly attenuated by adjustment for nondietary risk
factors (RR=0.62) and by further adjustment for intakes of
magnesium and dietary fiber (RR=0.69). The corresponding
associations with ischemic stroke were similar, whereas no
significant associations were observed for hemorrhagic stroke
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TABLE 2. RR of Stroke According to Intake of Potassium, Total Fiber, Magnesium, and Calcium Adjusted by Energy

Quintile
x for
Variable 1 2 3 4 5 Trend P
Potassium
Median intake, o/d 2.4 3.0 - 33 36 43
Person-years 67 605 67 003 65 826 63 708 59 253
Total stroke
No. of cases 76 65 62 64 61 )
Age-adjusted 1.0 0.80 0.71 0.68 0.59 -2.91 0.004
Multivariate® - 1.0 0.85(0.61,1.18) 0.78 {0.55, 1.10) 0.76 {0.54, 1.07) 0.62(0.43,0.88) —2.69 0.007
Further adjusted for fiber and 1.0 0.86(0.61,1.23) 0.82 (0.56, 1.20) 0.83 (0.56, 1.24) 0.69 (0.45,1.07y ~—1.58 0.110
magnesium intake -
Total fiber
Median intake, g/d 12.4 16.6 19.7 23.0 < 289
Person-years 67 534 65 935 65 299 63 636 60 990
Total stroke .
No. of cases 81 66 68 54 59
Age-adjusted 1.0 0.77 0.75 0.53 0.57 -3.87 <0.001
Multivariate* 1.0 0.85 (0.61, 1.19) 0.85 (0.61, 1.19) 0.65 (0.45, 0.93) 0.70 (0.48, 1.00) -2.20 0.028
Further adjusted for fiber and 1.0 0.87{0.62,1.22) 0.89{(0.63,1.27) 0.71(0.48,1.07) 0.86{0.55,1.32) —0.89 0.370
ragnesium intake
Magnesium
Median intake, mg/d 243 298 337 376 452
Person-years 66 457 66088 64 991 63 500 62 359
Total stroke
No. of cases 74 79 58 65 52
Age-adjusted 1.0 1.03 0.73 0.79 0.62 -~3.15 0.002
Multivariate* 1.0 1.09 (0.79, 1.50) 0.81(0.57, 1.15) 0.90 (0.64, 1.26) 0.70(0.49,1.01) -221 0.027
Further adjusted for potassium 1.0 1.23(0.87, 1.74) 0.98 (0.66, 1.45) 1.15{0.76, 1.73) 0.92(0.58,1.46) —0.48 0.630
and fiber intake '
Calcium
Median intake, g/d 0.5 0.7 0.8 1.0 1.4
Person-years 64 728 65 534 64 536 64 425 64 112
Total stroke
No. of cases 75 69 51 63 70 -
Age-adjusted 1.0 0.89 0.64 0.78 0.78 -1.66 0.100
Muitivariate” 1.0  0.95(0.68, 1.32) 0.72 (0.50, 1.03) 0.84 (0.60, 1.19) 0.88 (0.63, 1.23)
Further adjusted for potassium 1.0 0.99 (0.71, 1.39) 0.78 (0.54, 1.13) 0.94 (0.6, 1.35) 1.05(0.72, 1.53)

and fiber intake

*Mode! includes age (5-year categories), total energy intake (continuous variable), smoking (current, past, and 1-14, 15-24, and =25 cigarettes/d), alcohol
consumption {<5, 5-9, 10~14, 15-29, =30 g/d), history of hypertension, history of hypercholesterclemia, parental history of myocardial infarction before age 65

years, profession, and quintiles of body mass index and physical activity.

(data not shown). Further adjustment for intakes of total fat,
protein, saturated fat, vitamin C, vitamin E, carotene, or folic
acid did not materially change the association between
potassium intake and risk of total stroke, nor did adjustment
for baseline systolic and diastolic blood pressure or addition
to the model of an interaction term between age and
hypertension.

Intakes of dietary fiber and magnesium were both inversely
associated with risk of total stroke in age-adjusted analyses
(Table 2). These associations were only moderately attenu-
ated by adjustment for nondietary risk factors, but they were

substantially weakened in regression models that simuita-
neously included potassium, magnesium, and dietary fiber
because of the positive correlations between intakes of these
nutrients (Pearson correlation coefficients were 0.65 for
magnesium and potassium, 0.62 for magnesium and fiber,
and 0.58 for potassium and fiber).

Neither calcium nor sodium intake (data not shown) was
significantly associated with risk of total, ischemic, or hem-
orrhagic stroke, Sodium intake was also unrelated to intake of
potassium (Pearson correlation = —0.02) and was not ana-
lyzed further. Because in a previous investigation an inverse
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Relative Risks

1-3 4-7 8-10

Total Potassium Intake (Deciles)
(Diet & Supplements)

association was reported between calcium from dairy sources
and risk of stroke,® we examined this relationship in our
cohort. The multivariate risk for the top compared with the
bottom quintile of dairy calcium intake was 0.83 (95% CI,
0.59, 1.17) for total (Table 2), 0.90 (95% CI, 0.59, 1.37) for
ischemic, and 0.73 (95% CI, 0.36, 1.51) for hemorrhagic

- stroke; the lowest incidence of each outcome was observed in

the middle quintile of intake. Also, we examined whether the
risk of stroke was lower among men who reported using
calcium supplements at baseline. The RR for men who took
2400 mg/d of supplemental caicium compared with nonusers
was 0.88 for total stroke (95% ClI, 0.60, 1.27) and 0.83 for
ischemic stroke (95% CI, 0.52; 1.34).

When intakes of dietary fiber from different sources were
considered separately, only cereal fiber was inversely asso-
ciated with risk of stroke. This association remained after
adjustment for potassium, magnesium, and fiber from other
sources; both potassium and cereal fiber intake appeared to be
independently inversely associated with risk of total stroke
(Figure 1). Intakes of fruits, vegetables, and cereal products
were each inversely associated with risk of total stroke, but
none of these associations were significant. The mulitivariate
RR for an increase of 1 serving per day was 0.96 (95% CL.
0.89, 1.03; P for rend=0.26) for fruits, 0.96 (95% CI, 0.91,
1.02; P for trend=0.18) for vegetables. and 0.94 (95% CI,
0.87, 1.02; P for trend=0.11) for cereal. Results for ischemic
stroke were similar.

We further examined separately the associations of potas-
siun and magnesium from supplements with risk of stroke.
Neither use of potassium supplements (RR=0.78; 95% CI,
0.69 to 1.22) nor use of magnesium supplements (RR=0.85;
95% CI, 0.55 to 1.32) was associated with risk of total or
ischemic stroke in analyses adjusted for age only, but use of
potassium supplements became strongly inversely associated
after adjustment for history of hypertension (RR=0.55; 95%
CL 0.35 to 0.86). History of hypertension was a strong
independent risk factor for stroke (RR=2.8; 95% CL, 2.1, 3.7)
and was associated with use of potassium suppiements (46%

,.
s Cereal

Figure 1. AR of stroke by intake of potassium and
cereal fiber.

N

A

Fiber
{Deciles)

of the 1248 supplement users were hypertensives, compared
with 19% of nonusers). The inverse association between use
of potassium supplements and risk of stroke in multivariate
analyses was independent of dietary intakes of nutrients,
including potassium, magnesium, and fiber, and was stronger
among men with low dietary intake of potassium, magne-
sium, and cereal fiber. The RR comparing the top with the
bottom quintile of potassium intake was 0.39 in the lowest
tertile of a dietary score, including the 3 nutrients, 0.57 in the
middle, and 0.86 in the highest tertile. To further test the
hypothesis that use of potassium supplements reduces the risk
of stroke, we compared men who reported using supplements
both in 1986 and 1988 with men who never used supple-
ments. During the 6 remaining years of follow-up, the
multivariate RR of total stroke among supplement users was
0.31 (95% CI, 0.12, 0.85; P=0.02); the risk of stroke was also
reduced among men who reported using potassium supple-
ments only in 1986 (0.46; 95% CI, 0.22, 0.98; P=0.05) but
not among men who started taking supplements in 1988
(1.07; 95% CI, 0.55, 2.11).

Because of the importance of hypertension as a risk factor
for stroke, we conducted analyses stratified by history of
hypertension at baseline. Inverse associations between nutri- -
ent intakes and risk of stroke were observed only among
hypertensive men (Figures 2 and 3). In analyses restricted to
men taking diuretics at baseline. alone or in combination with
other antihypertensive drugs, the RR of stroke for users of
potassium supplements compared with nonusers was 0.36
(95% CI, 0.18, 0.72; P=0.004). Both fiber and cereal fiber
were significantly inversely associated with risk of stroke
among hypertensive (RRs for a 10-g increase in intake were
0.59 and 0.33, respectively) but not among. normotensive
(RRs were 0.88 for both) men.

Discussion

In this large prospective study, we found that men with diets
higher in potassium, cereal fiber, and nesium had a

—Substantially reduced nisk of stroke. These inverse associa-
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tions were only partly explained by nondietary risk factors
but were strong and ‘significant only among men with
diagnosed hypertension. No significant associations were
found between intakes of sodium and calcium and risk of
stroke.

A protecti iurn. i on risk of stroke
would be consistent with the reduced risk that we observed

proposed include the inhibition of free radical formation,
vascular smooth muscle proliferation, and arterial thrombo-
sis.”? However, these effects were produced by experimental
increases in serum potassium concentrations in animals, and
their relevance to humans is uncertain. High , potassium intake
may increase se concentrations, particularly when in

is low or sodium intake is high,? and could therefore reduce

—among . hypertensive_men taking potassium supplements in
e present study and with the findings of a previous-

the nisk of hypokalemia among men at high risk because Qf

epidemiological investigation' and experiments with hyper-

~—Ttensive rats.”' In a separate cohort among Japanese men in

awaii, potassium intake was inversely related to risk of fatal
thromboembolic stroke (RR for the top versus the bottom
quintile of intake=0.3, P for trend=0.002) but not with risk
of nonfatal thromboembolic stroke (RR=0.87, P for
trend=0.12).2 The weak association with nonfatal events is
not inconsistent with a protective effect, which may have
been diluted by error in the single 24-hour recall- based
dietary assessment. In randomized trials, high potassium
intake has caused modest reduction in blood pressure, espe-
cially among hypertensive subjects.®’ This effect, however, is
small and could only partially explain the strong inverse
association observed in this study. In addition, adjustment for
baseline blood pressure levels had little effect on the esti-
mated RRs relating potassium intake to stroke incidence, and

" potassium intake was not a significant predictor of risk of

hypertension within this cohort.' Alternative mechanisms

diuretic treatment. Diuretic-induced hypokalemia may in-
crease the risk of ventricular dysrhythmia.®* Although no
increased mortality from cardiovascular disease or other
causes was found among men with low serum potassium in 2

previous studies,”* neither was large enough to detect a

specific association between serum potassium and risk of
stroke.

Intakes of magnesium and fiber were also inversely asso-
ciated with risk of stroke, but their correlation with intake of
potassium and measurement errors reduced the ability Qf
multivariate analyses to discriminate between them. Thls
difficulty is compounded by the fact that some previous
epidemiological evidence and biological plausibility can be
invoked for a beneficial effect of any of these nuirients,
although only potassium has been shown to directly reduce
risk of stroke in animal models. In a cross-sectional st.udy,
magnesium intake has been found to be inversely associated
with carotid artery thickness in women but not in men.” Also,

‘there are reports that magnesium deficiency increases suscep-
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tibility of lipoproteins to peroxidation in rats.”® Conversely,
- magnesium supplementation failed to reduce blood pressure
in randomized trials among normotensive subjects,”” and
high-magnesium diets have been reported to increase rather

# than decrease the risk of stroke in hypertensive rats.®® In a

. randomized trial in China, a multiple vitamin/mineral supple-
ment containing 200 mg of magnesium reduced the risk of
stroke among men, but this effect may have been due to 1 of
the several other micronutrients included in the supplement.”!
Intake of fiber, particularly cereal fiber, has been shown to be

" inversely related to risk of coronary heart disease in most
£ prospective investigations.””* These results strongly suggest
that high fiber intake inhibits the development of atheroscle-

rosis or thrombosis and indirectly support a preventive effect
of fiber on risk of ischemic stroke. Mechanisms for these
© beneficial effects, however, remain largely elusive.®
£ The lack of association between sodium intake and risk of
. stroke in our study may be due to the difficulty in measuring
sodium intake accurately and to the scarcity of men with low
; or very high intake and does not in itself contradict the
* hypothesis that substantial reductions in intake decrease
. risk.” Although measurement error also may have affected

o

Py A

eported inverse association between calcium consumption
--and risk of stroke.” In hypertensive rats, high calcium intake
¢ provided partial protection against salt-induced stroke, de-

- the results on calcium, our data do not support the previously -
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creasing lesion size but increasing lesion number,” whereas
in rabbits it prolonged clotting time and reduced the severity
of atherosclerosis.® The relevance of these observations to
humans, however, remains to be established.
In conclusion, although these data do not prove a causal
relationship, they provide strong support for a preventive
“effect of diets rich in potassium, magnesium, and cereal fiber
on stroke, particularly among men with high blood pressure.
~Tncreased intake of potassium alone may decrease the risk of

~5iroke, and perhaps potassium supplements for hypertensives
should be more broadly considered, However, evidence is

inadequate to support an indiscriminate use of potassium
—pplEmeHs . Whidh—can—be  Harmiul* Kafher, potassium ___

intake Should be 1ncreased by subsutufing iruits, Vegetabies,
—and their patural juices for Jow-potassium processed foods
—and Sodas.
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